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PREFACE TO THE THIRD EDITION 


In preparing the third edition of my book, the difficulty has 
been to decide how much of the knowledge amassed by research 
organizatioifs all over the world in the last five years should be 
incorporated in a work of this nature. It seemed most desirable 
to retain a simplified presentation of all important aspects of the 
subject within the compass of a single volume. I have, therefore, 
taken the opportunity to revise the text in several places, without 
greatly altering the original framework, adding only to those 
sections that .interest a wider audience than when the book first 
appeared. I am particularly indebted to my Publishers for 
agreeing to the inclusion of several additional illustrations. 

The sections on the Classification of trees ’’ and “ Nomen- 
clature of timbers ” have been rewritten in an attempt to clarity 
the difficulties la^^men experience with timber names. To meet 
the needs of students preparing for trade examinations, two 
pages of text figures, and brief descriptions of microscopic features 
used in the identification of softwoods, have been added. The 
chapters in Part III have been rean*angod, so that the occurrence 
of moisture in wood, which affects most other properties of 
timber, is now discussed before density and strength properties. 

The increasing incidence of fungal and insect activity has 
focussed attention on these pests of wood, and the development 
of several new proprietary preservatives, backed by intensive 
advertising ^campaigns, is tending to exaggerate the seriousness 
of the problem. The chapter on Defects in timber is now 
confined to natural defects in wood and seasoning degrade, fungi 
and insects •being discussed in separate chapters, and a new 
chapter on The eradication of fungal and insect attack " 
has been added after that on The preservation of wood 
This analyses the alternative curative measures in an impartial 
manner, which it is hoped will counter commercial advertising 
of proprietary products : each case is different, and there is no 
universal remedy. 

It must be admitted that serious damage is caused by fungi 
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and insects, but much of this damage could be avoided were 
simple basic facts more widely imderstood and proper maintenance 
observed. Important as it is to cut out all decayed timber when 
dealing with an outbreak of fungal decay, it is not less important 
to trace and cure the source of moisture that created the condi- 
tions that made decay possible. The scrapping of unnecessarily 
large quantities of timber is all too prevalent, as is the use of large 
quantities of preservatives — unless the source of the moisture 
is cut oflE, “ decay ” reaijpears. Proper appreciation of the latter 
point would substantially reduce the cost of remedial measures, 
besides ensuring much better prospects of immunity in future. 

As regards insects, much “ wormy timber is perfectly safe 
to use, and reduction of losses from Lyctibs infestation could be 
effected by co-operation between timber merchants and con- 
sumers : good “ yard ’’ hygiene is of more significance than the 
use of large quantities of expensive chemicals. Some insect attack 
is essentially a “ decay ” problem, and attention to the cause of 
decay is of primary iinjjortauce. For the rest, we must be vigilant 
in regard to the common furniture beetle, and not panfh when its 
presence is detected : there is a greater risk that furniture will 
suffer a loss in value than that hoiises will be seriously weakened 
structurally by the activities of this pest.. There are many 
excellent preservatives available to combat the furniture beetle, 
but the proper applkaiion of appropriate inexpensive chemicals is 
more important than any “ secret ” formula. 

In conclusion, 1 would like to record my appreciation of 
Ml’, T. W. Paddon’s painstaking help in checking the proofs, and 
to express my indebtedness to him for his invaluable, constructive 
criticism. 

H. E. DESCH 

c 

Woodman’s Folly, Cbockham Hilxi, 
nr. Edendridqe, Kent 


PREFACE TO THE SECOND EDITION 

Any book covering a technical field tends to be out of date 
before it reaches the public, and realizing this I commenced col- 
lecting notes for a revised edition while the first was still in the 
Press. The advent of hostilitieB in Malaya, culminating in the 
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fall of Singapore, destroyed all my notes to that date, but I 
secured a copy of my book a few days prior to becoming a P.O.W., 
and tackled a preliminary revision in the first six weeks of incar- 
ceration. I am indebted to several friends in captivity who read 
the text with its numerous emendations and made most helpful 
criticisms. In this connection I would particularly mention the 
help received from H. Wiseberg, Esq., C.M.G., and Dr. W. T. Quaife. 
Mr. Titmouse, B.E., was indefatigable in iet 3 q)ing the numerous 
amendments. In this preliminary revision I attempted to correet 
the more obvious shortcomings of the first edition, and to tidy 
the English consequent on i-eading A. P. Herbert’s Whai a Word, 
given to me by my wife shortly before we married. 

Release from captivity presented the opportunity for bringing 
out a revised edition. It was startling to discover the extent of 
progress in tbc broad field of wood technology between 1940 and 
1 945. Extensive revision and expansion of the text was inevitable. 
I am indebted to many for bringing to my notice the more im- 
portant books and papers that appeared while I was out of touch 
with the outside world, and for the readiness with which help 
was extended to me whenever it was sought. As with the first 
edition, I am especially indebted to Mr. S. H. Clarke, M.Sc., for 
his valuable criticism throughout the preparation of the new text, 
and for reading the proofs. 1 have greatly appreciated the value 
of numerous visits to the Forest Products Research Laboratory, 
Princes Risborough, consequent on the facilities so readily 
accorded me by the Director, and for the very valuable assist- 
ance I have received from all Divisions of the Laboratory. While 
I am responsible for errors that remain, I wish to record my 
gratitude to Drs. Findlay and Fisher, and Messrs. Knight, Latham, 
Rendle, and Stevens, and their colleagues, for the help given to 
me in their respective fields, and to Messrs. McCracken and 
Stocker of the Library and Records Division. Messrs. Boulton 
and Jay and their colleagues at the Timber Development Associa- 
tion have given me much help with the loan of books and papers, 
and in tracing references. Most of the additional illustrations were 
prepared at the Forest Products Research Laboratory, and are 
reproduced with the permission of the Controller, H.M. Stationery 
Office. The sources of the other illustrations are acknowledged in 
the text. 

No acknowledgements' would be complete without special 
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reference to the help given to me, and the facilities put at my 
disposal, by Dr. L. Chalk of the Department of Forestry at 
Oxford. Dr. Chalk first aroused my interest in wood technology 
twenty years ago when I was one of his students, and I have 
been learning from him ever since those days. 

In rewriting Chapter VII — “ The strength properties of 
wood — and in writing Chapter XIV — “ Wood as an engineer- 
ing material ” — I owe a special debt .of gratitude to Mr. P. O. 
Reece, A.M.Inst.C.E., A.M.Inst.M. & Cy. E., whose papers in this 
held are so illuminating. Mr. Recce has permitted me to use his 
ideas freely, and has very kindly road and criticized my 
text. 

Sections on the influence of the micro-structure of the cell 
wall, stress grading, and chemical seasoning, and the chapter on 
wood as an engineering material, are reproduced from articles 
contributed to the Timber News Saw Mill Chronicle, by 
courtesy of the editor. Mr. T. W. Paddon of the British Institute 
of Building Technology has been a most stimulating friend, who 
has placed his library at my disposal during the revdi^on of this 
book, besides giving me much helpful criticism in the sections on 
the electrical drying of wood and adhesives. 

I wish to record my apj[)reciation of criticisms received from 
students who attended my lectures, based on the first edition of 
this book, in particular the ten ladies and gentlemen who attended 
my first Oxford course on timber, from whom I, and I hope the 
book, have benefited : the selected bibliogiaphy and the list of 
genera are added in response to thefr requests. Finally, 1 wish 
to express thanks to Mrs. S. Rush for typing numerous drafts, 
to my publishers for allowing me to add so many illustrations, 
and to the printers for the excellent work they Ijave done from 
exceedingly difficult copy. 

I shall appreciate suggestions from readers for improving 
subsequent editions. 

H. E. DESCH 

1b Midp-lb Tbmpdis Lank 
London, E.C.4 
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PREFACE TO THE FIRST EDITION 

Perhaps the most important factor in modern industrial 
development is the growth of research : no major industry, and 
few individual factories, are without a research organization whose 
function is to improve the quality of goods produced, and to point 
the way for extending markets by the adaptation of products to 
additional v^es and ever-changing demands. The timber industry 
has a background of long-standing empirical practice on which to 
draw, and it is in rather a different position from most manufac- 
turing concerns in that it has little or no say in the production 
side of its raw materials, and in the ordinary course of manufacture 
it does not appreciably change the nature of those materials. 
Nevertheless timber has not escaped the prevailing trend,' and is 
today the subject of considerable intensive research, conducted in 
the main under Government auspices. 

The pressing need for research arose during the War, when it 
became imperative to accelerate existing practice, without lower- 
ing quality, and to devise methods for selecting material for 
special purposes with precision. The foundation of the Forest 
Products Laboratory at Madison in 1916 was in direct response 
to the American Government’s needs, and, although it was not 
until 1930 that the scattered sections of the Forest Products 
Research Laboratory of England were brought under one roof at 
Princes Risborough, work similar to that carried out at Madison 
had been in progress at the National Physical Laboratory, the 
Imperial Institute, and elsewhere, for somc3 years. Other labora- 
tories devoted to the study of wood have been established in 
Canada, Australia, India, and Malaya, with the result that a 
wealth of accurate information has been amassed concerning the 
structure, proi)erties, and treatment, of many timbers. 

It was to be expected that some time would elapse before the 
industry fully appreciated the value of scientific information 
relating to a product so generally well known as timber, and the 
fact that the research was conducted by Government officers no 
doubt respited in a certain amount of detachment on the part of 
the latter from purely practical points. The gap between the two 
bodies has been rapidly narrowing, as may be gauged from the 
astonishing growth of inquiries from trade sources received by 
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the laboratories in recent years. One of the difficulties has been the 
dissemination of the information collected : much is in language 
too technical for the non-scientific man, and nearly all is distributed 
in separate bulletins, leaflets, and reports, which do not make for 
easy reference to particular points. Conversations with architects, 
surveyors, and builditig contractors, convinced the author that 
a simple, concise account of the work accomplished by Timber 
Research Laboratories, and of the knowledge now available 
concerning timber, would be of practical value. This conviction 
ted him to write this little book. 

An account of the structure, properties, and proper handling, 
of wood does not lend itself to a purely popular treatment, but 
technical terms have been avoided as far as possible. Whenever 
a term appears for the first time it is printed in heavy type, and 
its precise meaning is explained in the ensuing passage in the text. 
Such words only are indexed, so that the reader may refresh his 
memory as to their moaning at any time by reference to the index 
and the relevant section of the text. A list of botanical equivalents 
of the trade names used in the text constitutes the Appendix. 

No claim of originality for the subject matter is made : it has 
been compiled from standard works, and the numerous publica- 
tions issued from time to tkne by the different Research Labora- 
tories. It is liopcd, however, that the abridgement of existing 
information in a simple form between two covers will be found of 
some practical value. Passages in the section “ Worm in Timber ” 
(Chapter XI) are based on an article of the author’s in the Timber 
Trades Journal, and are reproduced here with the consent of the 
Editor. 

The author is particularly indebted to the kindness of several 
gentlemen who read the text in its different sta,ges and offered 
much helpful criticism and advice. Professor Garratt of Yale, 
and Mr. F. G. Browne of the Malayan Forest Service, read the 
preliminary manuscript. Subsequently, in England* the manu- 
script was completely revised with the assistance of Mr. S. H. 
Clarke of the Forest Products Research Laboratory, Princes 
Risborough, without whoso help this book would not have 
appeared. Finally, Mr. B. C. Adkin of the College of Estate 
Management read the revised manuscript and made further 
valuable suggestions which have been incorporated in the text. 
Dr. R. N. Chrystal of the Imperial Forestry Institute has very 
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kindly read the proofs. The author would like to record his 
appreciation of this invaluable assistance, although taking full 
responsibility for any errors that remain. 

Several of the illustrations have been especially prepared for 
this book, but some have been loaned from other sources. The 
new photomicrographs were taken by Mr. L. H. Clinkard, of the 
Imperial Forestry Institute, from slides loaned by kind permission 
of Dr. L. Chalk. The original drawings are by Mr. J. Shaw, of the 
Imperial IJprestry Institute, and Mr. Wong See Moy, of the 
Forest Research Institute, Kepong, F.M.S. Figures, for which 
Crown Copyright is reserved, were prepared at the Forest Products 
Research Laboratory, Princes Risborough, and are reproduced 
with the permission of the Controller, H.M. Stationery Office. 
The sources of other illustrations are acknowledged in the text. 
The author would like to record his appreciation of the work of 
the gentlemen who assisted him in producing the illustrations, 
and his thanks to individuals wlio kindly gave their permission 
to reproduce illustrations that have appeared previously elsewhere. 


3 PtTMP COUBT, TkMPLB 
London, E.C.4 


H. E. DESCH 
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CHAPTER I 


INTRODUCTION 

The astonishing material progress in the 20th centurj^^ not 
infrequently results in the consumer, seeking to satisfy a par- 
ticular need, being completely bewildered because the choice is 
so wide. The quality of the many alternatives is, however, 
anything but equal. The progress is the result of much pains- 
taking research, often not directed primarily to solving particular 
practical problems. Research into the jiroperties of timber is 
one of the most pertinent factors in enabling wood to hold its 
own today, second to none, for so very wide a range of quite 
different end-uses. 'Fhe practical significance of our new know- 
ledge of wood has, however, yet to be fully appreciated, and 
generally applied. It is too often assumed that generations of 
practical experience have taught users all there is to know about 
a material in such general use. 

There are mimer;/us examples extant to prove how well the 
jiesthetic qualities of wood have been appreciated in the past 
On more critical examination, however, it will often be found 
that much of the earlier work in wood, although unquestionabh^ 
beautiful, lacks some vital quality. For example, beautiful as 
are the many examples of the wood carver's art in our churches 
and ancient buildings, their critical study often reveals that the 
fidJest use has not been made of the especial qualities of wood — 
as beautiful results could have been achieved in marble or stone. 
The best of the modern school of wood carvers do not make this 
mistake : working on a much more modest scale, they make the 
fullest use of the grain, texture, figure, and colours of different 
woods to enhance the beauty of their creative work, which could 
not be so successfully achieved in other materials. Similarly, 
the architects of past ages who designed the many elaborate 
forms of hammer-beam tnissfs or framed floors reveal that they 
did not fully appreciate the strength properties of the material 
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with which they worked : unnecessarily large sections of 
timber were frequently used. Exceptionally, vide Plate 3, the 
apparently heavy beams are not sufficiently large for the span 
and loading conditions. In the example illustrated, the main 
beams are suitable for a safe working load of only 20 lb. per 
square foot, whereas the joists could carry a load of 60 lb. per 
square foot, and the flooring twice this figure. Such ill-balanced 
designing gives rise to “ failures ” in service, and brings wood 
into ill-repute, besides being extremely uneconi)mical. The 
modem architect, fortified with the research worker’s data, can 
span much greater distances than his predecessors, with much 
less material, and, by using modern glues, can achieve shapes 
and forms no less beautiful than the earlier craftsmen’s work. 
In effect, if the best and most economical use of wood is to be 
made, all the properties of the material require to be studied 
carefully, and used in the most appropriate manner (Plates 4 and 5). 

It is always possible to recognize a piece of oak or mahogany, 
and to distinguish between these two timbers ; it Jis not so 
readily apparent that no two pieces of the same timber arc 
exactly alike. The great variation in structure is part of the 
charm of wood, making it suitable for widely different uses, but, 
in certain circumstances, it places timber at a disadvantage in 
competition witli other more uniform materials. To use wood 
to the best advantage, it is necessary to understand its structure, 
and to know how and why that structure varies. This can best 
bo done by seeking answers to such questions as : What is wood ? 
How is it formed ? And what purpose does it serve in the 
growing tree ? 

It is obvious that wood is produced by trees, not because of 
its usefulness to man, but because of its function, at one stage in 
its existence, as an integral part of a living plant. A study of 
the functions of wood in the life of trees is helpful in explaining tlie 
limitations and scope of timber as a useful material for so many 
different purposes, and will be found to justify the seemingly 
academic approach to practical problems adopted in the early 
chapters of this book. 

THE TREE 

Since Darwin first advanced his tlieories regarding evolution, 
it has become generally accepted that man has developed from 
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more primitive ancestors, and that ho represents the highest 
form of development in the animal kingdom. In the same way, 
advanced plants have evolved from earlier forms of plant life. 
Moreover, just as in the animal kingdom, we find primitive types 
existing side by side with the more advanced today. 

To the botanist, trees are more primitive than herbs, because 
the tree habit, or form of growth, is less efficient for maintaining 
the existence of a species. In Nature there is a continuous 
struggle bot\^en individuals for survival, and in the long run 
it is only the more efficient that prevail. Fitness for ceaseless 
competition depends on rapid reproduction of individuals to make 
good the inevitable losses sustained in such competition. Most 
herbs grow from seed and develop and produce new seed in a 
single season, whereas trees require several seasons to mature, 
before reproducing their race. The production of a massive stem 
uses up much energy, which in herbs is devoted to the repro- 
duction of the species. In consequence, it may be inferred that, 
but for man’s interference, the more elTective ‘‘ ecionomy ”, and 
rapid rcprodiKjtioii of herbs, would result in their effacing trees 
from tlie earth, although the process might well take millions of 
years. 

Another aspect of the struggle for survival, of considerable 
practical importance to those concerned with the growing of 
timber, is the struggle between individual trees for the same 
area of ground, and the air space and light above. The forester 
makes use of the natural teiuioncy of plants to compete against 
their neighbours by growing his trees just close enough to obtain 
the maximum volume of good-quality timber. The importance 
of the comjictition between individuals in producing clean, straight 
timber may readily be apiircciated if the shape of a tree growm in 
})ark-land conditions be compared with one of the same species 
from high -forest : the former makes little height growth, and 
branches neai> the ground, whci*eas the latter is tall and straight, 
and the bole is clear of branches to a considerable height. From 
the economic standpoint, the forest-grown tree produces a greater 
volume of better quality timber than the park-land tree. 

The tre«^: iiabit, then, is a mode of giowtli assumed by certain 
plants to enable them to outwit their neighbours in the struggle 
for air and light, which is essential to the development of an 
individual, and its subsequent duty of reproducing its kind. It 
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is not the most efficient mode of growth from the plant stand- 
point, but it results in the production of timber useful to man. 

CLASSIFICATION OF TREES 

Some trees belong to more primitive plant-types than others, 
giving rise to dilTei*ent (dasses of commercial timbers ; all are 
the successors of still earlier forms of plant life, although the lines 
of development to the present-day representatives are rarely 
clear-cut, being more often suggestive of evolution %,long parallel 
lines from several common ancestors. Commercial timbers I’all 
into two main groups, the softwoods ” and “ hardwoods ”, and 
the trees that produce these two different classes of timber are 
themselves quite distinct. The former are gymnosperms — 
conifers or cone-bearing plants, characteristically with needlcj- 
shaped leaves and naked seeds ; the latter /^rc dicotyledons - - 
broad-leaved plants, characteristically with broad leaves and 
seeds enclosed in a seed-case. Dicotyledons with monocoty- 
ledons (grasses and palms) constitute the angiosperms.^ Although 
the division into “ softw’oods ” and ” hardwoods ” is a (*on- 
venient one for differentiating two broad classes of timber, there 
are a few timbers, e.g,, pitch pine, among the softwoods that are 
actually harder than other timbers classed as hardwoods, f.f/., 
balsa, lime, willow. Further, the divisions are not always api)lied 
coiTCctly, particularly in the tropics. For example, native soft- 
woods in such regions are usually soft “ hardw'oods ”, tliat is, 
they arc broad-leaved species with soft wood, although they arc 
frequently referred to as “ softwoods ” ; true “ softwoods ” oft(ui 
do not occur in such localities. 

Botanists early found the need for an orderly system of 
naming plants. They recognized that, although no two plants 
might be identical, minor variations between similar individuals 
did not alter the fact that several such individuals had many 
features in common, not shared by any other groups of plants, 
and these “ features in common ” were reproduced in successive 
generations of such plants. This gave rise to the botanical con- 
cept that all plants could be separated into different species. It 
was also observed that several species shared certain “ features 
in common ” — that is, they were more like one another than 
they were like other species. This gave rise to the second funda- 
mental botanical concept of a genus. Recognizing the validity 





I'LA'I’K 1 



Kl(!. 1. ShiM't liiiiiinalod poHiil fminos 4:3 Cl fspati 

I'.S. t’^otr'if Ltth. Sfrrirr HnHvttn 





cn. I 


INTRODUCTION 


7 


of these two concepts led botanists to adopt the binominal 
method for plant nomenclature, the first part of the botanical 
name indicating the genus to which the j)lant belongs, and the 
second part the species. Botanists have subsequently attempted 
to adopt a natural system of classification, based on evolutionary 
lines, arranging groups of similar genera in families, and bringing 
related families together into orders. I'he difficulty of reconciling 
all the comjJex factors that have to be considered has resulted 
in the systAns of classification being arbitrary, rather than 
natural. Mistakes have occurred through placing an evolutionary 
significance on some feature that liad no such significance, and 
through failing to recognize a significant feature or features as 
such. Developments in the study of wood anatomy over the 
last thirty years, and the closer collaboration between wood 
anatomists and systematic botanists that has resulted, are help- 
ing to clarify difficulties. Parallel development from common 
ancestors, and the disappearance of some of the links in the 
evolutionary chain, however, give rise to real difficulties that 
may well bo incapable of final and complete solution. Neverthe- 
less, from the practical standpoint, the important fact emerges 
that every plant has one botanical name, made up of tw'o parts, 
the first indicating the genus and the second the species. These 
names are, by general consent, in Latin. 

Unfortunately, the position is not quite so simple as the fore- 
going paragraph suggests. A tendency of 19th-century botanists 
to name plants from inadequate material, the occurrence of actual 
errors of observation, and din'ercnccs iii interpretation of specific 
or generic characters, resulted in botanists not always being in 
agreement as to the correct botanical name of a plant : in conse- 
quence, some plants have been given more than one botanical 
name, and two or more different plants have been given the 
same name. Errors of obsei nation arise through a failure to 
Recognize the •significance of some types of variation in morpho- 
logical characters ; “ immature ” leaves, e.gr., the leaves of 

seedlings or even saplings, are often much larger, and very 
different in shape, from the leaves of a mature tree of the same 
species. W >rking with too little material, and seeing only sapling 
leaves, a botanist may make the mistake of thinking he is con- 
fronted with a new ” species, which he proceeds to name and 
descril)e, whereas the species has already been named from 
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mature leaves, or vice versa. Poor laboratory technique is re- 
sponsible for actual errors of observation : the parts of a flower 
may be so broken or torn in dissecting that the “ evidence ” is 
misinterpreted. Real differences of opinion as to the correct 
interpretation to be placed on observed variation in morpho- 
logical characters are yet another source of confusion in plant 
nomenclature. Certain morphological features of plants with a 
relatively wide geograi)liical range may exhibit considerable 
variation when specimens from the extreme limits of distribution 
are compared : in siicli circumstances it may well be almost a 
matter of personal opinion where to draw the dividing line between 
tw'o very similar plants. This is perhaps a rather special case of 
variation, but it may help to underline the fact that differences 
in interpretation of morphological variation are likely to arise, and 
result in some botanists splitting what was previously considered 
a single species into several separate species, or, conversely, 
combining several formerly “ distinct ” species into one species. 

Rules for naming plants are open to less ambiguity, and are 
now regularized by accepted international procedure. 'Jlie 
botanist receives dried specimens, called herbarium material, for 
study ; it should consist of Reaves, flowers, and fruit, but is seldom 
so comi)lete. He has first to decide whether it is undcscribed, 
that is, unnamed material, or whether it is additional mateiial 
of an filread}^ described species. If the former, the botanist next 
has to satisfy himself whether the “ new ” species can be regarded 
as another species of a known genus, or whether it is so distinctive 
as to necessitate establishing a new genus too. If it is a question 
only of a new species of an established genus, choice of a suitable 
specific name alone rests with the botanist, but when a now 
genus also has to be established, both generic and specific names 
are selected by the botanist “ describing ’’ the plant. In select- 
ing names, botanists have an entirely free choice, although it is 
usual either to adopt a word descriptive of some ^morphological 
character of the plant, or to commemorate the place, collector’s 
name, or native name in the name chosen. The only obligation 
on the botanist is to Latinize the name or names he selects. To 
com})lete his task, and give the name validity, the botanist has 
to prepare a description of the new plant — in Latin — following 
long-established i)recedents as to the morphological data to be 
recorded, when the description is published in a recognized 
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botanical journal. The material on which the description is 
based is recorded in this published description. Thereafter, pro- 
vided the botanist has been correct in recognizing a new species, 
and has allocated it to its aj)propriate genus, the name he has 
selected becomes the valid botanical name of the species. Tn 
citing this name in future, the describing botanist's name or 
initials follow the selected name. This convention is a most 
important part of a botanical name, since it links the name with 
the authorityrfor the name, and minimizes confusion later should 
the botanist have made a mistake. 

Internationally accepted rules have been drawn up for dealing 
wilh the types of mistakes that do arise in the naming of plants : 
the essence of these rules is that when errors are detected the 
earliest name recorded in the literature must be revived and 
later names discarded, but, if the earlier name should refer the 
plant to the wrong genus, then only the earlier specific name is 
retained. Transference of a plant to another genus may necessi- 
tate the selection of a new specific name if the original specific 
name has already been used for another species in that genus. 
There are also rules regarding the use of cajutals in specific 
names : place names should not be ca])italized, only vernacular 
names and the names of people. Foresters have adopted the 
practice of de-capitalizing all specific names, but botanists have 
not accepted this av^parture from their rules. Critical workers 
today are constantly finding that two or three supposedly 
different plants arc identical, or that some well-known botanical 
name must be dropped and an carlit?r, and obscure, name revived. 
This is apt to give the impression that botanical names are dis- 
tinctly fluid, whereas the fault lies with botanists who have been 
too ready to describe and name plants from inadequate material, 
without searching the literature sufficiently thoroughly. It does 
indicate, however, that it is b no means always a simple matter 
to discover t^e correct botanical name of a species, and such 
names should be used with caution, and never without their 
authenticating authority, 

NOMENCLATURE OF TIMBERS 

It is not suggested that timber names present as complex 
problems as do botanical names, but there are nevertheless very 
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real practical difliculties to be solved in selecting entirely satis- 
factory timber names. The precision essential in botanical work 
is seldom necessary in timber names, nor would it usually be 
practicable, because several botanically distinct species often 
provide a single commercial timber. Botanical names have the 
added disadvantages of being in a foreign language, often difficult 
to pronounce, and undesirably long. Moreover, it is sometimes 
more necessary to distinguish between the timber of one specie^ 
from different localities, than it is to distinguish between the 
timbers of different species. An example of this is the timber of 
the two common species of oak, Qticrcus robur L. and Q, petraea 
Liebl., that occur both in the British Isles and in Europe. The 
timbers of the two species cannot be distinguished from one 
another on anatomical grounds, or by other identif3'ing characters, 
but material from the richer soils of the south of England is 
suitable for very different purposes from that grown on poorer 
soils at higher altitudes in central Europe : for commercial pur- 
poses the two types are distinct timbers. In primitive^communi- 
ties, the problem is readily solved by the local inhabitants choosing 
words from their own tongue or dialects : these are vernacular 
names. Since the local inhabitant is not as critical an observer as 
the scientific botanist, vernacular names are rarely as precise as 
botanical ones ; they often refer to more than one species, and they 
may on occasions be applied to quite different species because of 
some superficial similarity^ in form between distinct plants. These 
objections are not of serious practical importance so long as there 
is little movement of timber from district to district, but the posi- 
tion is very different in a market drawing its supplies from many 
different localities or even countries. Even in a small country dia- 
lects change from district to district, so that the vernacular name 
in one locality may be very different from that in another. I'his 
may lead to confusion in a distant, importing market. Nomen- 
clature difficulties are further complicated by ,the deliberate 
hiding of the true identity of a timber under a “ trade ” name, 
often that of some well-established timber, with the addition of 
a geographical or other qualifying, but sometimes misleading, 
adjective. 

Some examples may assist the reader in clarifying the problem 
in his own mind. For example, the true oaks, beech, and sweet 
chestnut belong to one family, the Fagaceae ; the oaks con- 
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stitute one genus, Qvsrcvs^ beeches a second, Fagus, and the true 
chestnuts a third, CasUinea, The different kinds of true oak, e.$F., 
American red oak, American white oak, Turkey oak, are separate 
species of the genus Quercus. This is a simple case in which 
trade practice follows botanical classification closely, although 
different countries have different names for Quercus timber : in 
Rritain it is oak, whereas in France it is ch^ne, and in Germany 
Ei(ihe. When vernacular names are of the popular type absurdities 
may occur : Mie standard trade name adopted for Eucalyptus 
rejgnans F.v.M. is mountain ash in Australia and Tasmanian oak 
in the United Kingdom, but this timber has also been called 
swamp gum in Tasmania and Australian oak in Victoria ; it is 
ncillier a true ash nor a true oak. Such anomalies are the out- 
come of European emigration : settlers name plants sometimes 

because of similarities of tree form or habit, sometimes because 

« 

of colour similarities in the timbers, and sometimes because of 
otlier associal^d ideas. When the same species occurs over a 
wide area several names, based on these different concepts, may 
come into being. 

The Malay Peninsula provides examples of confusion, arising 
from differences in meaning of vernacular names in different 
])ari..s of the same country, which is accentuated by reason of a 
single trade timber being produced by several distinct botanical 
species, each with one, and sometimes more than one, vernacular 
tree name. A common source of red meranti in the Peninsula is 
the tn;c known to botanists Shorea leprosula Miq. This tree, 
in the forest, is called meranii tembaga ; its timber is sold in 
most parts of Malaya as meranii^ and in Singapore as seriah (pro- 
nounced seraya). Seraya, on the other hand, is the tree name of 
anc>thor species of Shorea ; as a timber name in certain parts of 
the Peninsula it refers to the produce of several tree species that 
yield a grade of timber superior to common meranii, Meranii 
exported to the United Kingdom has to comixite with a com- 
mercially similar timber from the Philippines called lauan, thereby 
confusing the imjjorter and the layman. Both Malayan meranii 
and Philippme lauan may be offered for sale as Philippine 
mahogany, v lien the layman is not only confused but deceived. 

The practice of borrowing names of familiar timbers, and 
applying them to other and quite distinct woods, is at the root of 
niuch confusion in timber nomenclature. It frequently misleads 
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the layman to the extent of causing him to use timbers for 
purposes for which they are unsuited. Alternatively, he may be 
induced to buy timbers that, were he more enlightened, he 
would not purchase, or, if he did consider them, he would not 
be prepared to pay the prices asked. It has been computed that 
the name “ mahogany ” has been applied at some time or another 
to the timbers of more than two hundred distinct botanical 
species, and the name is in common use tdday for several distinct 
groups of timber. The original ‘‘ mahogany ”• of commerce 
was the so-called Spanish mahogany obtained from San 
Domingo and other West Indian islands then owned by Spain ; 
Central American mahogany is a very close relative, being the 
timber of a different species of the same genus, Sicictenia, but it 
is a very much milder timber to work than the original Spanisli 
mahogany. African mahogany, on the other hand, is produced 
by several species of two different, but related, genera (Khaya 
and Entandropliragma), belonging, however, to the same family 
as the American species of Swietenia. Philippine mall^gany is 
produced by several species of more than one genus belonging to 
a different family altogether, the Dipterocarpaceae, In conse- 
quence, timbers bearing the i^me “ mahogany ” vary appreciably 
iji theii* appearance and properties, and in the opinion of the 
author some have no real claim to be considered in the same class 
as true mahogany (Plate 6). Similar confusion has arisen through 
tlie widespread use and misuse of such names as walnut, ash, oak, 
and teak, leading in some instances to lengthy and costly litigation 
between the sponsors of distinct timbers sold under the same 
trade name. 

Attempts are being made to standardize trade names. The 
British Standards Institution, for example, has published a list 
of standard names for timbers known to the U.K. trade, vide 
B.S. 881 and 589. The Standards Association of Australia has 
issued a similar list for Australian timbers, vide A.S. 5.0.2-' 
and so has the Forest Research Institute, Dehra Dun, for Indian 
timbers. Publication of a list does not, of course, solve the 
problem of timber nomenclature, but it points the way. It has 
not yet been possible to compile a list based entirely on inter- 
nationally acceptable rules ; compromise has been necessary. 
The ideal solution would be the adoption of standard names on 
an international basis, whereby each trade timber would have a 



CH. I 


INTRODUCTION 


13 


single unambiguous name. Persistence in the present confusion 
may well result in several potentially useful timbers being dis- 
credited, besides perpetuating deception of the laymen. It could 
give rise to much expensive and acrimonious litigation, such as has 
marred relations for several years in the different sections of the 
American ‘‘ mahogany ” trade. Every timber worth putting on 
the market is entitled to a name of its own ; it does not need to 
masquerade as something else. Conversely, within the English- 
speaking world, the same “ commercial ” timber does not require 
half a dozen names, merely because of different geographical 
sources of supply. In the absence of general agreement regard- 
ing timber names, the existence of a difficult problem must be 
recognized: “standard names’^ are used throughout in the 
text, but to assist the reader the botanical equivalents are given 
in Appendix II 


DIVISIONS OP THE TREE 

Almost all plants with which we are familiar have three main 
])arts : roots, stems, and leaves. The characteristic that separates 
trees from other woody plants is that they have a single main 
stem, the trunk or bole. 

Each of the three parts is specially adapted to a particular 
function : the roots aikchor the jilant in the ground, and take in 
water and mineral salts in dilute solutions from the soil : the 
stem conducts these solutions from the rr>ots to the leaves, it 
stores food materials, and it has mechanical rigidity, supporting 
the leaves above competing vegetation : the leaves absorb gases 
from the atmosphere and, with the energy obtained from sun- 
light, manufacture complex substai^ces for carrying on the life 
processes (Fig. 1). 

The timber user is interestb.! primarily in the trunk or bole. 
This bole has an outer covering, called the bark, which protects 
the wood from extremes of temperature, drought, and mechanical 
injury. The inner layers of the bark conduct the food manu- 
factured in the leaves to regions of active grow’th, and into places 
where it can conveniently stored. The bark, being a conductor 
of food materials, is often rich in chemical substances, such as 
tannin and dyes derived from plant metabolism. 

Between the bark and the wood is a thin, delicate tissue, known 








CH. 1 INTRODUCTION 15 

as the cajnbium, which forms a complete, glove-like sheath cover- 
ing the bole and branches. This tissue produces bark towards the 
outside and wood towards the inside of the tree, and the enlarge- 
ment in girth of the trunk is brought about entirely by the activity 
r)f the cambial sheath. The production of wood and bark tissue 
occurs only when the cambium is growing : in temperate regions 
this is during the spring and summer months. In this period the 
bark may easily be peeled, because the cambial tissue is then less 
rigid and more easily torn than during the non-growing seasons, 
vi^hen it is tough and strongly attached to the bark and wood 
tissue. 


DIVISIONS OF THE STEM 

Under the bark is the cylinder of wood, and in the centre of 
this cylinder is the pith (Plate 7), which may bo up to ^ in. in 
diameter, but in many trees is barely visible. A cross section of 
a branch is similar to that of the main stem, but that of a root 
differs in having little or no pith. 

If the end surface of the bole is x)laned, further details of the 
wood structure can bo seen : the wood of trees grown under 
seasonal conditions consists of a series of concentric layers of 
tissue, called growth rings (Plate 7). Each growth layer comprises 
the wood produced by V- o cambium in a single growing season. 
The rings are actually layers of wood, extending the full height 
of the tree, a new layer being added each growing season, like a 
glove, over the whole tree. Thiu the wood nearest the outside 
of the bole is the youngest. In temperate regions, and certain 
tropical countries, the alternation each year of a growing season, 
followed by a resting period, results in the growth rings being 
annual rings, thus providing a fairly accurate means of computing 
the age of a tree after it is felle i Double (or multiple) rings, 
consisting of two or more false nngs, caused by serious inter- 
ruptions to growth during the growing period, sometimes cause 
eirors in such calculations. Where growing seasons are not well 
defined, as in many tropical regions, growth rings may be indis- 
tinct and they may not be annual, but, as in seasonal climates, 
new wood is formed in concentric layers. 

Growth rings are apparent because the w ood produced at the 
beginning of the growing season is different in character from 
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that formed later in the season, and zones of early wood ^ and 
late wood ^ may be distinguished. Where this is the case the 
early wood is softer, coarser, or more porous, than the late 
wood. 

The work of food storage and sap conduction is performed in 
most trees only by the outer, or youngest, growth layers ; these 
are known as the sapwood. The sapwood forms a distinctive 
zone, which may be from half an inch up to several inches wide, 
depending on the species and age of the tree, and the mode of 
growth of individual trees. Trees of the same age and species 
have a wider zone of sapwood when grown in the open than 
when grown under forest conditions in close competition with 
other trees. The central part of the tree is concerned with pro- 
viding mechanical rigidity to the stem and support for the crown ? 
it is known as heartwood. 

The sapwood is usually lighter in colour* than the heartwood 
and less durable, and, when green, contains much more moisture. 
The line of demarcation between the two zones may be sharply 
defined or indefinite, and in some species there is no colour 
differentiation between the two : such trees are popularly spoken 
of as “ all-sapwood ’’ trees, although this is not an accurate 
description. In many trees the conducting channels are blocked 
in various w^ays w^hen the wood becomes heartwood, and any 
remains of stored food material become changed to tannins and 
other substances ; it is to these changes that the durability of 
the heartwood may be ascribed. In the absence of colour differ- 
ences such changes are the only indication of transition to heart- 
wood. 

THE UNITS COMPOSING WOOD 

In common with all living tissue, plant or animal, wood is 
built up of individual units called cells. These units are either 
tube-] ike, with blunt or pointed ends, or brick-shaped. They may 
be empty or they may contain various kinds of solid or semi-solid 
substances. Cells differ considerably in size and shape, and each 
is adapted to one or more of the three primary functions of the 
stem. The majority are invisible to the naked eye, varying from 
0-001 to 0-02 in. in their largest dimension. 

The formation of cells is a “ vital ” or “ living ” process, which 

^ The early wood is sometimes called springwood, and the late wood, lummer- 
nr autumn-wood. 
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we describe as *' growth ", the increase in size of plants being 
brought about by the formation of additional cells much more 
than by the enlargement of existing ones. Growth in plants is 
restricted to regions where cell-forming tissue occurs. The main 
stem and branches of a tree increase in length solely at their 
tips,^ and growth in thickness occurs in the sheath of cambial 
tissue, one or more cells thick, situated between the bark and 
wood. Growth in thickness continues after height growth has 
practically ceased, and up to the time the tree dies. 

New cells arise as a result of repeated division of the cambial 
cells. Before division occurs these cells swell, and certain changes 
take place in their contents. Partition walls arc then formed, 
either in the longitudinal, oblique, or horizontal planes, dividing 
each cell into two. The longitudinal division provides the cells 
of the bark and wood, and the oblique or horizontal division adds 
cells to the cambial sheath, necessitated by the increase in 
circumference of the bole as growth proceeds. The two cells 
that result from longitudinal division are iaentical at first, but 
their subsequent development is different. One, after enlarge- 
ment to the size of the original cambial cell, resumes the function 
of these cells, and divides again, while the other develops into 
either a unit of the secondary xylem (wood tissue) or a unit of 
the phloem (bark tissue). The two cells resulting from oblique 
or horizontal division oi a cambial cell merely increase to the 
size of normal cambial cells, and then undergo longitudinal 
division in the normal manner :o form bark or wood cells as 
described above. 

The secondary xylem is the timber of commerce, and our 
study will be confined to the cells that compose it. These cells 
develop rapidly after foimation, completing the process in a few 
weeks, after which the majority die and undergo no farther 
change in size or shape. Those thut remain alive assist in growth, 
c-ff-i ty storing food, and when no longer required for this purpose 
they also die. In other words, the bulk of the stem and branches 
of a living tree is composed of dead cells. 

^ Tlie growing '.ip of the main stem euid branches is composed of (1) meri- 
stematic cells of apex and (2) the pro-cambial strands derived from normal 
moristematic cells and situated immediately below the growing tips. Growth in 
length is brought about by activity in^the region of the pro-combial strands. 
These strands give rise later to isolated patches of cambial cells that eventually 
link up to form the cambial sheath. 


O 
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When first formed, the young cell is in a plastic condition, 
and capable of considerable increase in size and change in shaj)e, 
rather like a partially inflated balloon. Increase in size and 
change in shape are rapid, and when the final size is attained the 

walls are thickened by the addition 
of further layers of wall substance 
laid down from the inside of the 
cell. The original unthickened wall 
is called the primary wall, and the 
layers added afterwards constitute 
the secondary wall (Figs. 2 and 3). 

Unthickened areas, called pits, 
are left in the primary wall during 
the formation of the inner layers, 
and these serve as means of com- 
munication betVeen cells : liquids 
moving in the tree pass mainly 
through the pits. The pits of dif- 
ferent types of cells show modifica- 
tions in their stiu(*.ture, which some- 
times inciease their efficiency in 
controlling the movement of liquids into and out of the cells 
(Fig. 3, II). As might be expected, conducting cells have more pits 
than those concerned merely with the provision of mechanical 
rigidity, and the pits are specially adapted for controlling the 
movement of liquids in these cells. 

Unlike most of the other structural features discussed, pits 
are a ‘‘ laborator}’ feature visible only with the aid of a micro- 
scope in thin sections of wood, or specially prepared slides. 

With the formation of the secondary walls, chemical changes 
occur that increase the rigidity of the walls. Among the sub- 
stances formed is lignin, which gives its name to the process : 
lignification. Ligniiication should not be confused with the 
changes that take place in the transition from sapwood to heart- 
wood. Lignification is dependent on the cell being alive, whereas 
changes occurring in the transition from sapwood to heartwood 
can take place in dead cells, since they are confined to changes 
in the contents of the cell cavity (the space enclosed by the cell 
walls), and to the addition of infiltrates to the cell wall that do 
not alter the chemical composition of wall substance itself. 



Fio. 2. — A (cIl showing the 
primary and secondary walls 
bnuch enlarged) 
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We have learned that the stems of trees perform three functions, 
and that these different functions are carried out by different 
types of cells. A group of similar cells performing the same 
function is called a tissue ; thus we may speak of the storage 
tissue, the conducting tissue, and the mechanical or strengthen- 
ing tissue. 




Fio. 3. — A, surface view and section through pits in conducting colls ; B, solid 
view of two pits cut in half (after a woodcut by Dr. L. Chalk) : I, pit opening ; 
II, toms ; III, primary wall ; IV, pit cavity (much enlarged) ; C, surface 
view and sectioti through pits in storage and strengthening tissue ; D, solid 
view of two pits cut in half ; I, pit opening ; U, primary wall ; III, pit 
cavity 


THE COMPOSITION OF CELL WALLS 

• 

Cell wall structure is decidedly complex, but as a result of the 
combined efforts of physicists, chemists, and botanists in recent 
years, we f.ow possess a reasonably clear picture of the fine 
structure ot the plant cell wall, A complete picture is still im- 
possible : visible and ultra-violet light permit of accurate and 
direct observation of partiolw larger than 2600 A,^ and X-rays 
* lOOolaO-lMi l«t»0-001 Tnm, 




Drawn by MUf Af. S. Smith, and reproduced by 
courtesy of the Director, F.PM.L,, and tfw Editore of ** Nature ” 












Fio. 4. — Diagraimnatio repreBentation of cell wall structure 

A. Celiulose chain -molecules, showing here and there zones of regular and parallel 

arrangement (the micelles indicated by X-rays). 

B. Group of microfibrils, showing approximate relative sizes of micelles and 

spaces revealed by study of material impregnated with silver. 

C. Cellulosic and non-cellulosic systems in the secondary wall. Celliilohic white, 

non-cellulosic materials black ; transverse section above, longitudinal 
section below. Large circle indicates approximate size of fibril at same 
magnification. (Note that the dimensions given by the author of Figs. B 
and C do not correspond exactly, but they servo to indicate the approximate 
sizes. Tiie linking arrows have been inserted by the author of the paper 
from which this figure is taken.) 

D. Cellulosic and non -cellulosic systems in the primary wall. Cellulosic white, 

non-cellulosic materials block ; transverse section above, longitudinal 
section below. 

E. Small piece of wood, showing the relative sizes and dispositions of the cell 

wall constituents as revealed by microscopic oxaminatinn. 

F. Small (mbe of wood fibres magnified 150 times. 

G. Single wood fibre magnified 150 times. 

Fig. 4 is from a paper entitled Fine structure of the plant cell wall **, 
by S- H. Clarke, pu'oli.^hed in Nature, No. 3603, pp. 899-904, November 1938, 
and subsequently rci)rinted as F.P.R.L. Special R^»port, No. 6, 1939 : Recent 
work on growth, structure, fAiid properties of wood. This paper is a most author- 
itative survey, with a cornprehonsivo bibliography, which tlie reader wanting to 
pursue the study of cell w’ull structure should not fail to read. The account given 
in the first paragraph on page 18 reduces an extremely complex subject to a 
skeleton outline essential to the understanding of certain phenomena to bo dis- 
cussed later, 

'J'hiB concept of cell wall structure is based on direct microscopic examination, 
aided by staining reagents, * > the limits of resolution of the compound microscope 
(up to X 1000 linear magnifies ticn), inference between x 1000 and x 15,000, and 
X-ray studies above x 15,000. Microscopic examination reveals : 

1. The middle lamella, which is shar -1 by adjacent colls, and difiers chemically 
from the other cell w'all layers. 

2. 1'ho primary wall, which is laid down during extension growth — that is, 
after division of the carnbial initial, when the new xylem cell is increasing in size 
and clianging its shape. 

3. The secondary wall, which is the thickening material added after extension 
growth is finished ; it may be difTerontiated mt.> at least two zones ; the layer 
labelled iimor ” in Fig. 4 is sometimes not distinguishable. 

Tiio cell wall is composed of celiu. and other constituents, the relative 
proportions of which vary in the difFertiit layers and lamellae. The lamellae 
can bo dissected into fibrils — tlireads of cellulose, the direction of vrhich, with 
reference to the main axis of the cell, may vary in the different layers. The 
fibrils can be dissexsted chemically into fusiform bodies. 

The fibrils are composed of microfibrils, which are aggregates of micelles. 
Micelles are aggregates or bundles of cellulose cliain -molecules. The long chain- 
like molecules f , m the framework of the cell wall, and have been compared 
with the steel rods of reinforced concrete. They ore mainly parallel with each 
other, but between them are many ultromicroscopic spaces — intermicellar zones 
— which are capable of holding water ohd other substance. Some theories attri- 
bute shrinkage and swelling to the movement of water from and to these inter- 
mioellar spaces. 
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make it possible to study only details of much smaller dimensions ; 
between these limits is a gap that can only be filled by inference 
and conjecture (Fig. 4). Reduced to simple terms, our present 
knowledge may be summarized as follows : the cell walls of all 
plants may be visualized as scries of thin, 
concentric layers or sleeves. The individual 
layers are composed of spiral, thread-like 
strands, know^n as fibrils (Fig. 5), which may 
be likened to valve springs making one or 
more turns in the length of a cell. The 
fibrils in turn are composed of minute, 
spindlo-like units, fusiform bodies (micro- 
fibrils), which may be dissected into small 
spherical units. The ultimate composition 
of the spherical units are the molecules of 
cellulose, a substance composed of carbon, 
hydrogen, and oxygen. ^ 

The purest form of cellulose in plant 
tissue is cotton ; actually the hairs of the 
cotton seed, which are individual cells. In 
the cells of wood, cellulose is associated with 
other substances, the most important of 
which is lignin. To this latter substance 
wood ow^es its stiffness. Nevertheless, the 
cellulose of wood is chemically identical with 
that of cotton, and various methods are 
liy courtesy of A, Eoehier, Etq. employed commercially to remove the other 
constituents of the cell wall, leaving a fairly pure form of cellulose. 
The resultant substance is the raw material of the chemical paper- 
pulp and artificial silk industries. 

In addition to cellulose and lignin, which are the main con- 
stituents of the cell walls of all woods, other substances, spoken 
of as infiltrates, are present in the cell walls and* cell cavities of 
some woods. These infiltrates have an important bearing on 
problems of utilization. For example, tannin renders the heart- 
wood of oak durable, and black-coloured infiltrates are responsible 
for the decorative appearance of ebony. On the other hand, 
absence of such infiltrates is of great importance to the manu- 
facturers of paper-pulp and artificial sUk, and the presence of 
gums and resins may adversely affect the working and painting 



A B 

Fig. 5. — Dia^rraniiriatic 
drawiTi;^^ sliowiag tho 
spiral alignimjiit of 
librilti in the cell wall. 
Note the difference in 
pitch of the spirals 
in A and B 
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qualities of timber. Even in extreme cases, however, infiltrates 
rarely exceed 10 per cent, of the dry weight of wood, and more 
usually account for only 2 to 3 per cent. 

The chemical composition of cell walls influences strength 
properties, working qualities, and utilization of timber, and the 
jjhysical structure explains certain other properties of wood, e.gr., 
electrical conductivity and insulating properties, and its behaviour 
in relation to changes in atmospheric conditions. 

CELL CONTENTS 

In addition to the “ living ” content or protoplasm of all living 
(^t'lls, crystals of calcium oxalate (Fig. 6, a and 6), deposits of silica 
(Fig. 6, c), and plant food materials may occur in the storage 



Fjo, 6. — a and b, crystals in wood-pai*onc'hyma ; 
c\ deposits of silica in ray colls 

tissue of both sapwood and he irtwood, and gums and other solid 
deposits in the vessels of the hc^artwood. Plant food materials 
are of particular importance, because in some forms they are tlio 
food of certain insects and fungi that attack wood, and in other 
forms they are repellent to such foes. For example, starch, which 
only occurs in any quantity in the sapwood, is an essential food 
of powder- post {Lyctvs) beetles and sap-stain fungi, and the 
aromatic oils that occur in the heartwood of some timbers are 
toxic to fungi and insects. 

The foregoing pages have dealt with problems of nomenclature 
and the stru*"ture of wood in outline ; the next two chapters 
deal in greater detail with the structure of the different kinds of 
cells of which wood is composed. As the tissues of softwoods 
are simpler in many respects than those of hardwoods they are 
described first. 
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SOFTWOOD TISSUES 

GENERAL CONSIDERATIONS 

Cells have been described as being tiibc-like, with blunt or 
pointed ends, or brick-shaped, but wdicn examining M'ood with a 
lens or under the microscope it is seldom possible to see the cells 
in more than one plane at a time. It is, however, important to 
keep in mind when examining a piece of wood that cells have 
three dimensions, and that their appearance in the three dilTerent 
planes may be different (see Plate 8). In other words, in a given 
section of w’ood, any one cell will be viewed in one of its three 
planes, and its appearance wtU depend on whether that ])lane 
presents a cross section of the cell or a longitudinal view ; tlie 
longitudinal view may be radial-longitudinal or tangential- 
longitudinal, the cell itself being seen either in section or in 
elevation. There are therefore five different, alternative view's : 
one in cross section or plan, one in radial-longitu«linal elevation, 
one in radial-longitudinal section, one in tangential-longitudinal 
elevation, and one in tangential-longitudinal section. Differences 
between longitudinal sections and elevations of individual cells 
are, however, rarely discernible with the naked eye or an ordinary 
hand lens. At the outset of a study of wood anatomy, it is often 
difficult to appreciate that a given cell may present different 
appearances on the cross, radial, and tangential sections of a piece 
of wood, and until this is realized it may be difficult to understand 
illustrations. In the ensuing pages the different types of cells are 
described as individual units, but for the most part they are 
illustrated in one plane at a time, and in association with other 
cells of the same or of a different type, as they actually occur in 
wood. Individual cells can be separated out by maceration : thin 
shavings of wood are boiled in a solution of potassium chlorate in 
nitric acid (commercial acid diluted in 50 per cent, of ivater), 

24 
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which allows of the individual cells being teased apart with 
mounting needles, and the separate cells, suitably stsiined and 
mounted on slides, being examined under the microscope. 

THE CONDUCTING AND STRENGTHENING 
TISSUES 

In softwoods the conducting and mechanical functions are 
performed by a single type of cell, each unit of which is known 
as a tracheid. These cells are hollow, needle-shaped units attain- 
ing as much as 0-4 in. in length, but more usually varying from 
0-1 to 0*2 in. They are packed closely together so that a cross 
section tlirough them resembles a honeycomb (Plate 0, fig. 1). 

Examination of Plate 9, fig. 1 reveals differences in thickness 
of cell walls and in the size of cell cavities. It will readily be 
appreciated tliat the larger the cavity the better is the cell fitted 
for conduction, and, conversely, the thicker the walls and the 
smaller the cavity, the less suitable is that cell for this purpose, 
but the better is it fitted for strengthening purposes. In the tree 
the thin-walled tracheids with large cavities are primarily con- 
cerned with the conduction of sap, and the thick-walled ones 
with maintaining mechanical rigidity, although the latter may 
also play some part in conduction. Radial sections of softw^oods 
show a second modin atiun of i^tructure between the thin- and 
tliick-w'alled tracheids (Plate 9, fig. 2). In this figure it will bo 
seen that the pits in the th; *ner-walled, conducting tracheids 
are larger and more numerous than those in the thicker- walled 
tracheids that function as strengthening tissue. 

If w*e turn to Plate 9, fig. 1 again, a further and conspicuous 
feature of the wood structure of sedtwoods may be noticed. 1 he 
distribution of thin- and thick -walled tracheids is not haphazard : 
the thin-W'^alled conducting tra''* cids are laid down at the be- 
ginning of a growing season, when the water requirements of the 
leaves are at a maximum, whereas the thick-walled strengthen- 
ing tracheids are formed later, giving rise to alternating zones of 
thin- and thick-w'alled cells. This arrangement, incidentallyj 
renders grow' rings in softwoods conspicuous to the naked eye ; 
the early wood, containing a smaller proportion of w'all substance, 
appears lighter in colour than the denser late wood. In some 
species the transition from thin- to thick-wallcd tracheids is 
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abrupt, c,y., larch, Douglas fir, European redwood, but in others 
c.< 7 ., white pine and the true firs, it is gradual. 

The quality of a softwood depends largely on the proportions 
of thin- to thick-walled tracheids, and on the contrast between 
the wood of these two zones. The higher the percentage of late 
wood tlie stronger is the timber ; moreover, marked dilTorencos 
in thickness of the w^alls of the early and late wood cells may 
cause the two zones to behave differently under tools and in 
service, and may give rise to painting problems, e.g,, as in 
Douglas fir. 

In popular language tracheids are often called “ fibres ”, 
particularly in connection with wood-pulp in the paper industry, 
but this is incorrect, as true fibres occur only in hardwoods. 

THE STORAGE TISSUE 

The storage tissue is knowm collectively as parenchyma ; it 
consists of two kinds of cells that arc essentially similar 4^ details 
of structure, but tJiat differ in their manner of distribution in 
the wood. These cells are brick-shaped, with the longer axis 
liorizontal in the ray-parenchyma cells, and vertical in the wood- 
parenchyma cells. The cells have relatively thin walls with 
numerous pits. They differ from traclieids in rcmfiining alive 
for some years after their development is completed. This is 
because plant food is usually stored in some form other than 
that required by the growing cambium, and its conversion to a 
suitable state can only occur in a living cell. When no longer 
required for storage the parenchyma cells die like any otlier cells 
of the secondary xylem. 

The ray tissue occurs in narrow', horizontal bands or plates 
called rays (medullary rays), which radiate outwards from the 
centre of the tree to tljc bark, although on a small area from 
near the outside of a large tree they may appear as a series of 
parallel layers botw^ecn several rows of tracheids as in Plate 9, 
fig. 1. These plates of tissue fire continuous outw’ards because 
the cambial cells from which they arise produce only ray colls 
at each division, and never wood-parenchyma colls or tracheids. 
As a tree increase's in girth, additional groups of specialized 
cambial cells are formed that produce only ray cells. In this 
way the number of plates of ray tissue per unit length of circuin- 
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fcrenco of a stem remains approximately the same, irrespective 
of the ago of the tree. The number of rays per unit of circum- 
ference; however, varies appreciably in different species : from 
less than one to more than ten per millimetre of circumference. 
The use of the term “ medullary ray ” should be avoided : 
medulla is an alternative term for pith. Hence, only those rays 
that originate in the first year’s growth, or pith, are strictly 
medullary rays ; such rays cannot be distinguished from those 
that originate later in the life of a tree and, therefore, are not 
true “ medullary rays 

The rays are usually just visible to the naked eye on radial 
surfaces, where they appear as narrow, horizontal ribbons 0*002 
to 0*02 in. w'ide (Plate 9, fig. 2). They may appear discontinuous 
because the cut surface is rarel^^ truly radial and the rays may 
run out of the section. 

On end and tangential surfaces the rays can usually be seen 
with the aid of a low-pow'er lens. On end surfaces they appear 
as narrow lines radiating outw’ards, crossing the grow^th rings at 
right angles, and on tangential surfaces (Plato 9, fig. 3), where 
the rays themselves are seen in section, they appear as short, 
vertical, boat-shaped lines. 

'fhe wood -parenchyma cells arc derived from normal cambial 
cells that also jirodme Iraciieids. After longitudinal division of 
a cambial cell, thc^ cejl that is to become a unit of the storage 
tissue divides traiKsvorsely, one or more times, to give a vertical 
series of cells. The individua. cells are wood-parenchyma cells, 
and the series is knowm fis a parenchyma strand. Several strands 
may be united end to end. 

In softw^oodi* t he wood -parenchyma tissue is sparse in amount, 
and usually visible only under the nii»*roscojie. Tlie strands are 
scattered tlirough the wood, or restricted to definite zones, or in 
a layer at the f;nd of a season ^ growth. In the last-mentioned 
case, the layer Js usually visible to the naked eye on end surface 
as a narrow line, lightor in colour than the surrounding tissue. 

RESIV CANALS AND “PITCH POCKETS” 

A characteristic feature of many softwood timbc»rs is their 
resinous nature, which is often sufficient to give them a pro- 
nounced odour, and may cause freshly sawm timber to be “ tacky 
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Tlie resin is formed in parenchyma cells, and in some species 
occurs in special channels called resin canals or resin ducts. These 
canals are not cells, but cavities in the wood, lined with an 
“ epithelium ” of parenchyma cells. The epithelial cells secrete 
resin into the canals. 

Resin canals run vertically in the stem and horizontally in 
the rays ; they are just large enough to be seen with the naked 

eye. They are a useful feature for 
distinguishing some timbers, since they 
are always present in some species, 
e.g., the larches, Douglas fir, the true 
pines (Plato 10, fig. 1), and spruces, 
but they are normally absent in 
others, e.g., the true firs, sequoia, and 
yew. 

Vertical resin canals may develop, 
as the result of injury to the tree, in 
timbers from which they are normally 
absent, as well as in those in which 
they are a normal characteristic. Such 
canals arc said to be traumatic ; they 
difier from normal canals in that they 
occur ui short or long rows parallel to 
the growth rings (as seen on transverse 
section), whereas the normal canals 
are scattered in distribution (compare 
Plate 10, figs. 2 and 3). 

Serious injury to the cambial cells may result in the formation 
of “ pitch pockets ” (Fig. 7). These vary in size from about J in. 
to several inches wide tangentially, and up to a foot or more 
longitudinally. They are saucer-shaped, with the concave fac-e 
towards the pith, and up to an inch or more at their greatest 
depth radially. They contain liquid resin, which flows out readily 
when the pockets are sawn through. Optniings of the wood along 
the growth rings may also become more or less filled w ith pitch 
in a liquid or granulated state : these are known as pitch seams 
or pitch shakes. 



Fig. 7. — ^Pitch pockets in 
Douglas fir (consider- 
ably reduced) 
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MICROSCOPIC FEATURES 

Early and late wood trachcids, and wood- and ray-parenchyma 
cells, are the only types of cells that occur in softwoods, but 
certain distinctive types of cell-wall thickening, and the shape 
and distribution of pits, characterize the anatomical structure of 
the woods of different genera, providing the only positive means 
of identification. Hence, although these features have no bearing 
on the practical utilization of the timbers concerned, nor can 
they be used diagnostically except in the laboratory, they are 
of some importance even to the strictly practical user, and require 
defining here. 

Tracheid piUings. — The bordered pits of tracheids typically 
occur in one or two rows, as seen on radial sections (fig. 2, 
Plate 9 and Text fig. 8, c), but, in the Araucariaceae particu- 
larly, the pits are distinctly angular in outline, and the pits in 
one row alternate with those in the rows above and below, i.e., 
alternate pitting, instead of being arranged in parallel lines, one 
above the other (Fig. 8, b). Yet another variation in distribu- 
tion of pits in tracheids is their occurrence, inamly in rows of 
three, the pits in one row being immediately above and below 
those in the adjacent rows, i.e., multiseriate and opposite pitting 
(Fig. 8, c). 

In Ce(Jr%is the mai^hi of the torus, as seen in radial section, 
is regularly scalloped (scalloped tori), providing a reliable dia- 
gnostic feature for distinguishir*^ the genus (Fig. 8, d), 

Ray tracheids. — ^The ray c Hs of some softwoods are of two 
kinds — ray parenchyma and ray tracheids. The latter are not 
parenchyma cells, but mechanical tissue and physiologically in- 
active ; they are equi})ped with bordered pits, which can usually be 
seen in section on the radial faee ; pitting between ray tracheids 
and ray-parenchyma cells is h.df-bordered (Fig. 8, e). Ray 
treacheids are normally confined to the margins of rays, but in 
some species of Pinus, ra> tracheids may also occur in the 
middle portions of a ray, and the low rays of the hard pines may 
consist wholly of ray tracheids. 

Wall thi'' healing, — (a) Spiral ihickenwg occurs as a charac- 
teristic featui*e in Douglas fir and yew, and is present in some other 
species of no commercial importance. The spirals are inclined 
in one direction, but, because of the depth of focus of the micro- 
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scope, the spirals in the wall of the cell below may also be seen, 
producing a reticulate pattern on the wall of the tracheid above 
(Fig. 8,/). In some cases, Taxua baccata, the thickness or 
depth of the cell exceeds the depth of focus of the objective, and 
no reticulate pattern is seen. The spirals are actual bands of 
thickening in the secondary wall. Care must be exercised to 
distinguish checking in the tracheid walla from spiral thickening. 

(b) Callitroid thickenings : pairs of thickening bars across the 
pit border occur in a few species, particularly in the genus Callitris 
(Mg. 8, g). 

(c) Crasaxdae (formerly “ Bars of Sanio ”) : concentrations of 
intercellular substance, appearing as horizontal bars, occur in 
the radial walls of all tracheids (except in the Araucariaceae) 
above and below the rows of pits (Fig. 8, h). 

(d) Nodular walls : the transverse or end walls of parenchyma 
cells of some softwoods arc nodular or bead-liko in appearance ; 
in a few species the end walls of the ray cells may be similarly 
thickened (Fig. 8, i). 

(c) Dentate thickening : the lateral walls of ray tracheids of 
the “ hard pines ”, and, to a lesser degree, in Picea, are thickened 
in an irregular manner, giving the walls the appearance of rows 
of irregular teeth (Fig. 8, j). 

(f) Indentures ; pit-like hollows in the horizontal walls of 
rays, in which the ends of the vertical walls stand, have been 
described as indentures (Fig. 8, k). This feature has been 
obsert'ed in all families of softwoods, except the Araucariaceae, 
but is strongly developed only in some genera. 

Cross-field pitting : the area of wall contact between a ray 
cell and a vertical tracheid is referred to as a cross field ; the 
pitting occurring in a cross field takes one or other of five more 
or less distinct forms. In Finns, the cross field is occupied by 
one to three large simple, or nearly simjde, pits, or one to six 
small simple, or nearly simple, pits (pinoid type) (Fig. 8, 1). The 
piceoid typo refers to early-wood pits with narrow apertures, 
sometimes extending beyond the margins of the pits (Fig. 8, m). 
In the cupressoid type the apertures are included, and rather 
narrower than the border (Fig. 8, »), and in the taxodioid type 
the ajjertures, w'hich are included, are ovoid to circular, and 
wider than the border (Fig. 8, o). The distinction between the last 
two types calls for careful observation of sections in proper focus. 
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HARDWOOD TISSUES 

TYPES OP CELLS IN HARDWOODS 

Whereas in softwoods both conducting and strengthening 
functions are undertaken by a single type of cell, in hardwoods 
there is a more distinct division of labour, and the conducting 
cells, called vessels oi pores, are quite diilerent from the fibres 
that provide mechanical support. The presence of specialized 
conducting tissue provides a simple means of diFerentiating hard- 
woods from softv^oods. 

The cambial cells of hardwoods are shorter chan those of soft- 
woods, and so are the mature cells that arise from the division of 
these cambial cells. The maximum length rarely exceeds 0*08 in., 
as compared with 0*4 in. attained by some softwood tracheids. 
This difference in length, between fibres and tracheids, is one of 
the reasons why paper-r»ulp manufactured from hardwoods is 
almost invariably inferior to that manufactured from softwoods. 
In hardwoods, as in softwoods, the same cambial cell may give 
rise successively to conducting, iixcchanical, or storage cells, or 
bark tissue ; as in soft woods, a special type of cambial cell gives 
rise only to ray cells. 

THE CONDUCTING TISSUE 

The counterpart in hardwoods . the thin-walled, conducting 
tracheids of softwoods are the vessels or pores, illustrated in 
Fig. 9. This figure shows a vertical series of three fully-developed 
conducting cells^ each of wldch is known as a vessel member* 
These members are always produced in vertical series, which may 
extend for a cc • dderable distance in the tree. In Fig. 9 it will 
^ be seen that the vessel members have no end ” or transverse 
walls, but are open top and bottom. When first formed these 
cells have end walls like other ceils, but early in their development 
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the cells swell and the end walls split and are absorbed, forming 
rims at either end of each vessel member, so that the members 
form a continuous tube, like a drain-pipe, in the tree. The indi- 
vidual members are frequently visible on longitudinal surfaces of 
wood as fine to coarse scratches — the vessel lines. 

In some species, c.gr., birch, alder, American whitewood, the 
end walls of vessels do not disappear completely ; instead, grid- 
like partitions, scalariform perforation plates, are left. The open 
ends of vessels are called simple perforation plates. Scalariform 

plates are always oblique, and in 
the radial plane they can be seen 
with a hand lens on split radial 
surfaces as in Plate 1 1 , if the vessels 
are not too small in cross section. 

It will bo clear that the conduct- 
ing tissue of hardwoods is more 
effective in providing the water 
requirements of leaves than are 
traeheids in softwoods, and this is 
necessitated by reason the larger 
leaf area of broad -leaved species 
compared with that of conifer 
needles. Moreover, in addition to 
the open ends of the vessel meinber.s, 
pits occur in the longitudinal walls, 
but these pits are smaller than those 
in the walls of softwood traeheids. 

Some hardwoods, of wdiich oak and sweet chestnut are ex- 
amples, have traeheids in addition to vessels to assist in con- 
duction. These traeheids are similar in a]>iJearanco to softwood 
traeheids, but they are shorter, and the pits resemble those of 
vessel members, and are not restricted to the radial w alls. 

Vessels are distributed singly, or in radial or tangential groups, 
or in clusters throughout the w^ood (Plates 12 and IG, fig. 4). As a 
general rule, those formed at the beginning of the growing season 
are wider and thinner-w’alled than those formed afterwards. In 
some species the decrease in size is gradual throughout the ring ; 
these are the diffuse-porous woods, e.g., beech, birch, poplar, 
sycamore, and esjrecially tropical hardwoods (Plate 13, fig. 1). In 
a few species the vessels of the early wood are comparatively large, 



Fio. 9. — Vessel ineitibora. a, »'©r- 
tical series of throe vos.sel mem- 
bers ; bj thin-wallod early-wood 
vessel mornbor ; c, tliick-w ailed 
iaif-wood vessel member. 
(Highly magnillc'd) 
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and there is an abrupt change in size to the small and thicker* 
walled vessels of the late wood ; these are the ring-porous woods, 
so called because the early-wood vessels 
form a distinct ring that can be seen with 
the naked eye on end surface, c.y., oak, 
ash, elm (Plate 13, fig. 2). 

The vessels of the heartwood do not 
(jonduct, but are often blocked with what 
ai)pear to be foam-like structures, known 
as tyloses, or they may' contain solid de- 
posits of a gummy type. Tyloses, as may 
be soon in Fig. 10 and Plate 14, arc ingrow- 
ing, bladder-like structures from adjoining 
ray- or wood-parenchyma ccUs ; on a 
clean-cut end surface of a piece of wood 
tyloses appear as foJim-like structures in 
the vessels that often glisten because of 
differences in light-reflection from tlie 
vessel wall and the membraneous walls of 
the tyloses. In bright light the walls of 
the tyloses produce rainbow effects, similar 
to those in soap bubbles. When tyloses 
are themselves filled witli gum-like infil- 
trates, as in meranti, they rarely gliston, 
and are t hen liable to be mistaken for solid 
deposits tilling tlie vessels. Al, the vessels 
of the heartw’^ood of some timbers, c.j/., 
robiriia (Plate 14), chengal, tembusu, are 
blocked w ith tyloses, rendering the line of 
demarcation betw'eeii sapw'ood and heart- 
wood distinct, even in decayed or (lift- 
coloured wood , where colour difte oioces between sapw^ood and heart - 
w'ood are obscured. The formation of tyloses is brought about by 
differences in pressure between the parenchyma cells and adjacent 
vessels : wdien the vessels are actively conducting, the pressures 
inside the parenchyma cells and vessels are more or less equal, 
but when ttu essels cease to conduct tlie pressure inside the paren- 
chyma cells is greater than the pressure in the vessels. In consequence, 
the thin primary w’all of the parenchyma pits becomes distended, 
being blown out like a child’s balloon, to fill the vessel cavity. 



Fi«. lo. — J^iA^ranimatic 
drawing of the do- 
v»Moy>Tnont of tylosos : 
A, st.igp 1, dnvplopinent 
from slorap' through 
the pits inio a conduct- 
ing coll. H slngo 2, ty- 
lososcomplctely hlo^'kmg 
a vessel 

Rv courUfy of I'rof, ForoaHh 
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Tyloses are important from the utilization standpoint : their 
presence may be beneficial or otherwise. They are beneficial in 
that they hinder the spread of fungal hyphae — the vegetative 
parts of fungi — that bring about the decay of wood, but tyloses 
are undesirable in timbers to be treated with wood preservatives, 
because they impede the absorption of preservatives which, in 
hardwoods, travel mainly through the vessels and only very 
sparingly transversely through the pits in the cell walls (in soft- 
woods, where tyloses naturally do not occur, the movement of 
wood preservatives is largely through the large bordered pits in 
the tracheid walls). 

The presence or absence of tyloses is also a useful character 
for distingTiishing between certain woods. For example, they are 
absent from the true mahoganies (species of the genus Swieienia) 
and present in meranti (lauan or “ PJnlippine mahogany 
(species of Shorea and Peniacme, family Dipteromrpaceae). 

THE STRENGTHENING TISSUlS 

The mechanical tissue of hardwoods consists of wood fibres. 
These are narrow, spindle-shaped cells, not unlike the late-wood 
tracheids of softwoods, but they usually have more pointed ends 
and are shorter. The walls of these cells may bo comparatively 
thin, or so thick that the cell cavity is reduced almost to vanishing 
point (Plate 15). In discussing the factors that affect tlie quality 
of softw'oods, the importance of the proportions of thin- to thick- 
walled tracheids, the thickness of the walls, and the distribution 
of the different tissues were mentioned. In hardwoods the thick- 
ness of the fibre wall and its physico-chemical nature are in 
many cases the most imy)ortant factors in determining the strength, 
shrinkage, and working properties of a timber. 

Pits in fibre walls are fewer and smaller compared with those 
in the walls of other kinds of cells. They are not confined to 
any particular wall, although they tend to be more numerous in 
the radial walls. 

In some timbers, e.g., teak and gaboon, the cavities of the 
fibres are divided into small compartments by thin horizontal 
partitions ; such fibres are called septate fibres. The reason for 
the partitioning is not known, but such fibres are more common 
in species with little parenchyma. 






H« .'.i-[\vood ofrolmiin showing tyloses ( x 10) 


Photo Ilf F.I .It L., J*riuces Itis}mou\ih 
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I<"il)res arc sometimes arranged in very regular rows (as seen 
on cross section) ; such arrangement is a characteristic and 
constant feature of several timbers. When the individual fibres 
are sufficiently large in cross section, their radial arran^rement is 
discernible with tiie aid of a hand lens ( x 10 or x 20 area magnifica- 
tion), e.g.j in gaboon. 

THE STORAGE TISSUE 

In liardwoods the storage tissue is essentially similar to that 
of softwoods, but it is frequently more abundantly developed, and 
it displays greater variety in distribution and arrangement. In 
consequence, W'ood parencJiyma and rays are among the most 
useful features for distinguishing between different hardwoods. 

Wood parenchyma. — Two distinct types of distribution 
may be differenliatcd : apotracheal parenchyma, which is paren- 
chyma independent of the vessels, and paratracheal parenchyma, 
which is parenchyma associated with the vessels. Both tyi)es 
perform the same function in tlie tree — that is, they are storage 
tissue, composed of wood-parenchyma strands. The two types 
can be further subdivided ; apotracheal into terminal, diffuse, 
and metatracheal, and paratracheal into vasicentric, aliform, and 
confluent. The forciroing divisions aie convenient for purposes of 
identification, but they are by no means clear-cut. Further sub- 
divisions are possible, which, however, grade into one or other of 
the divisions enumerated : Vtue J«"ig. 11. ITie ai>pearancc of the 
different types of wood parenchyma, as seen on end surface, is 
described below. 

1. Terminal parenchynta is the name for the narrow layers 
of parenchyma cells occurring at the c lose of a season’s growth. 
If wide enough, the Layers are visible to the naked eye as 
light-coloured hjies, rnarldng ti c boundaries of the rings, as in 
sycamore (nate 16, fig. J). Initial parenchyma is used to 
differentiate “ terminal ” parenchyma formed at the beginning 
of the next season’s growtJi instead of at the dose of the previous 
season. 

2. Dij]\ e parenchyma consists of single strands distributed 
irregularly among the fibres, as in pear and box ; this type is, as 
a rule, distinct only under the microscope. When the individual 
strands are of sufficiently large cross section, they are discernible 



Vvood parenchyma 



Fig. 1 1. — Diagram showing types of parenc hyma. The arrow*: pointing to “reticulate ” indicate that the parenchymfl 

may also be reticulate. The arrow lietween '‘confluent” and “broad conspieiious bands” is to indicate that the formei 
may not always be easily differentiated from the latter 




Fio. 3. — TranavoiHe section of obeche 
( X J6) showing diffuse-in -aggre- 
gates parenchyma, vide white 
arrow 


Flu. 4. — ^Transverse section of Enantia 
ehlorantha ( x 10) showing line 
lines of metatrachea) parenchyina, 
which is also reticulate (see area 
within white square) 
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Fia. 7. — ^Transverse section of ekki 
( X 10) showing broad conspicuous 
bands of metatracheal puenchyma 
(the dark lines indicated by 
white aizow) 


Fio. 8. — ^Transverse section of Tatrieiia 
argyrodendron ( x 10) showing 
br^ bands of metatesch^ 
parenchyma, tending to be reti- 
culate (area within white square) 
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with a hand lens as indistinct, light-coloured dots. In woods with 
numerous })arenchyma strands of rather large cross section the 
end surface may appear characteristically speckled, as in punah. 

Diffuse strands tend to aggregate to form fine lines from ray 
to ray, a condition seen in European w'alnut, but often only in 
some parts of the growth ring (Plate 1 6, fig. 2). In a few w^oods 
the fine linos from ray to ray are verj'^ regular, and alternate with 
rows of fibres to produce a very characteristic pattern, as in 
obcche (Plate 16, fig. 3). The term diffuse-in-aggregates has been 
suggested for diffuse parenchyma forming fine lines from ray to ray. 

3. Melatracheal parenchyma occurs in tangential layers 
that are independent of the vessels. These layers appear as lighter- 
coloured bands, concentric with the growth-ring boundaries. They 
may be very narnw and only visible with a lens — fine lines — as 
in Enanlia chloraniha Oliv. (Plate 16, fig. 4), or the layers may be 
visible to the naked* eye — broad bands — as in makorc (Plate 16, 
fig. 6). Fine lines or broad bands differ from the diffuse-in- 
aggregates type in that they appear to cross several rays, instead of 
extending only between one pair of rays ; they are often more or 
less continuous concentric layers. Fine lines or broad bands may 
be more or less regularly spaced and close together as in ebony and 
makore, or widely and irregularly spa(*ed, as in rengas (Plate 16, 
fig. 5), when they are not readily differentiated from lavers of 
terminal parenchyma. The individual layers vary in width radi- 
ally ; they may be one t' th:ee ceDs wide, as in makore, or several 
cells wide as in ekki (I*late i6, fig. 7), when they are conveniently 
referred to as broad conspicuous bands. 

When the layers of parenchyma and the rays are of about 
the same width, and the distance between the layers is similar 
to the distance between the rays, a net-like effect is produced 
on cross section ; the parenchyma is tiieii said to be reticulate 
(Plato 16, figs. 4 and 8). 

4. Vasiceniric parenchyma — ^Where the tissue is sufficiently 
abundant to form complete shcatli ^ or borders around the vessels, 
as ill ash, it is said to bo vasicjeiitric (Plate 17, fig. 4). In many 
timbers the borders or sheaths are not complete and therefore 
the parenchyma is not strictly vasicentric. To meet this objection, 
the term sp?T.*?*:ly paratracheal has been proposed for paratracheal 
parenchyma aiound the vessels, but not forming a complete sheath 
(Plate 17, lig. 1). In a few woods the paratracheal parenchyma 
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is confined to one side of the vessel, the tangential face, as in 
Ooupia glabra Aubl. (Plate 17, fig. 2) ; this tj^pe of distribution 
has been called abaxial. 

5. Aliform parenchyma. — ^In many timbers the borders 
extend tangentially in wing-like arrangement, and appear in 
cross section as diamond- or lozenge-shaped masses containing the 
vessels, as in merbau. This is aliform parenchyma (Plate 17, fig. 6). 

6 . Confluent parenchyma. — ^When the tangential projec- 
tions extend and link up with those of neighbouring vessels, the 
parenchyma is said to be confluent. Further distinctions in form 
of confluent parenchyma in different species can conveniently 
be made. Exceptionally, confluent parenchyma may occur in 
more or less continuous concentric layers, as in MiUettia and 
Symphoria (Plate 17, fig, 7), the layei’s being as broad and as 
regular as the broad layers of metatraclieal pareiuJiyma in elcki 
(Plate If), fig. 7). More frequently, the layers of confluent 
parenchyma are interrupted. In some timbers, where the paren- 
chyma is often no more than vasicentric or aliform at the begin- 
ning of a ring, the interrupted layers become more and more 
continuous outwards in a ring, e.gr., Indian rosewood (Plate 17, 
fig, 6), and other species of Dalbergia, and the genus PUirocarqms, 
In other timbers there is no definite distribution of confluent 
and aliform parenchyma in different p<arts of the growth ring, 
the two types intermingling as in iroko (Plate 17, fig. 3), and 
several timbers of the genus Terrtvinalia, typically in afara ; 
Dr. Clwalk has adopted the appropriate term alifcmn-conflvent 
for this type of parenchyma. All the foregoing variations in 
distribution of confluent parenchyma are distinct from the typi- 
cally aliform type, which inevitably produces short tangential 
layers where tw^i or more vessels are close together — contrast 
the short layers towards the end of the bottom growth ring in 
Plate 17, fig. 5 w'ith the interrupted layers marked witli a white 
arrow in Plate 17, fig, 3 ; the real nature of the parenchyma in 
Plate 17, fig. 5 is quite clear over the rest of the cross section 
illustrated. It will be found useful in identification work to 
recognize the distinction betw^ceii aliform, aliform-confluent, and 
confluent parenchyma as typified in the examples illustrated. 

Broad layers of confluent parenchyma are sometimes not 
ea.sily differentiated with a lens from broad layers of meta- 
tracheal parenchyma, when the comprehensive term conspicuous 
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broad bands can be used to embrace both types. With careful 
examination, it is usually possible to establisli whether the broad 
layers are in fact paratracheal parenchyma or apotracheal paren- 
chyma : if the parenchyma is paratracheal occasional vessels will 
be observed with parenchyma reduced 
to the aliform type, wiiereas reduction 
in apotracheal parenchyma results in 
occasional vessels indei)endent of any 
parenchyma. 

The arrangement of the parenchy- 
matous tissue is a useful aid in identify- 
ing many timbers : in some timbers 
only one type is present, but in others 
two or more types occur. In some, 
however, tlie arrangement is too vari- 
able to be of any diagnostic value, and 
other features have to be depended 
upon for purposes of identification. 

Rays. — In softwx)ods ray tissue is 
s])arsely developed and typically only 
one cell wide in the taTigcntial direc- 
tion, i.e,, the rays are uniseriate, but 
in hardwoods there is a considerable 
variation in both size and number of 
the rays.^ Some hardw'oc>ds have only 
uniseriate rays, e.g., pojdar and willow 
(Plate 18, figs. 1 and 2), but in the 
majority the rays are multiseriate, i.c., 
more than one cell wide. In some 
timbers the rays are comparatwely 
uniform in size ; they may he rehi- 
tively small, and not easily visible to tlie nahed eye, as in birch 
(Plate 18, figs. 3 and 4), or the\ ^\ay be broad and high, and 
conspicnious to the naked eye, as in beech (Plate 19, figs. 1 and 2). 
In otlier woods rays of two distinct sizes occur : very large rays 
ill association with uniseriate ones, as in oak (Plate 19, figs, 3 
. and 4). In a few species groups of small rays occur in aggre- 
gations that a] t^oar to the unaided eye, or at low magnifications, 

^ In softwoods ray tissue accounts for about 0 per cent, of tlie total volume 
of the wood ; in hardwoods the figure is 18 per cent, end upwards. 


Fig. 12.— -o, 

ray ; b, \ie\,eTovi 5 iiveo\ia 
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as single large rays ; these are known as aggregate rays. The 
ap])arently broad rays of hornbeam, hazel, and alder are of this 
typo (Plate 20, figs. 1 and 2). 

Very broad rays give rise to the handsome “ silver figure ” ' 
of quarter-sawn timber ^ of the true oaks and Australian silky 
oak. The presoncje of broad rays is also an indication that the 
timbers will split readily in a radial direction, an important 
property for certain specialized purposes, e.gr., the best quality 
“ tight ” barrel staves. 

Rays are sometimes arranged in regular storeys or tiers that 
appear on tangential surfaces as w’avy, parallel, horizontal linos, 
knowm as ripple marks. If tangential surfaces of such woods are 
examined with a hand lens the individual rays are seen : they 
will be observed as series of storeys or tiers of short vortical 
lines, the top and bottom ends of each line or ray terminating 
at the same level as the rays on cither side (Plate 20, figs. 3 
and 4), and the wavy horizontal lines, visible to the naked 
eye or hand lens, are the zones without rays that appear lighter 
in colour: these “ lines ” are an optical effect, caused by difft^r- 
ences in liglit reflection from the rays and non-ray tissue^ and, in 
consequence, are not seen in sections of wood examined at higher 
magnifications, vide Plate 20, fig. 4. Ripple marks are a useful 
feature for distinguishing some timbers, e.g., mansoriia (Plate 20, 
figs. 3 and 4) and the true Central American and Cuban 
mahoganies. 

In most timbers Mdth storeyed rays the wood parenchyma 
tissue, and sometimes the fibres, are also storeyed. In a few, 
however, the wood parenchyma or fibres, or both, are storeyt'd 
but not the rays. In these latter circumstances, although tlic 
storeys are visible on both radial and tangential siirfaces, it is 
not possible to determine from the radial surface whether or not 
the rays arc storeyed, and the feature has to be confirmed from 
the tangential surface. As with storeyed rays, horizontal lines 
arc seen on the tangential surface, but usually much less w'ell 
defined tlian with storeyed rays, and the rays cross these lines 
instead of being bounded by them (Plate 21). Examination of 
sections under the microscope is necessary to determine which 

^ Silver figure is more coininonly called “ silver grain but this is a mis- 
use of the term “grain “ (see section on Grain, texture, and figure, page 57). 

* Quarter-sawn is defined on page 57. 





i'LATK :il 



Tangoni lal surlm-o times imtiirul si'/.o) of Tarnitiii nnjiirotlcmlron 

shf>\vini: htorpNo*! tiKsiio ntlnT Mwin r.iys. 


//•/• rufiynuht resen »// 



GH. m 


HARDWOOD TISSUES 


43 


elements are storeyed. There is no one technical term to describe 
this feature, which is referred to as ‘‘ tissue (or elements) other 
than rays storeyed 

The individual ray colls may be either more or less similar in 
size and shape (in which case the rays are said to be homogeneous, 
Fig. 12, a), or distinctly variable (in which case the ra3's are hetero- 
geneous, Fig. 12, 6). The example of a heterogeneous ray illus- 
trated is a rather special case, where the size of ray cells varies 
throughout the ray. More usualty, the term is used to define 
marginal or sheath cells. Marginal cells arc typically' upright cells, 
of greater height than width, that form margins or tails (according 
to the viewpoint radiallj’^ or tangentially). Sheath cells arc 
upright cells enclosing normal ray cells, as seen on tangential 
surface. A spi'cial type of ray cell, called tile cells, is common 
in certain of the Tiliales and Alahalcfi: these are defined in the 
“ Glossarj^ of terms used in describing woods ” (Tropical Woods, 
No. 3G, pp. 1-11) as a “ special type of apparently emj>ty upright 
or square cells of approximately th^ same height as the pro- 
c*iiinl.Kuit cells and occurring in indeterminate horizontal scries 
usually interspersed among the procumbent cells The presence 
of lu^terogeneoiis rays and tile cells cannot usually be detected 
with ail ordinary’ hand huis. 'I'he ty'pe of ray tissue is a great help 
ill identification, but, witliout considerable experience in working 
with a low-power lens, it is not possible in most woods to deter- 
mine wlietlicr the raj’s aiv homogeneous or licterogcnooiis. 


CRYSTALS AND DEPOSITS OF SILICA IN WOOD 

The storage tissue cS many timbers contains crystals, usually 
of calcium oxalate (Kig. G, a and b). These may^ be confined, in 
different species, to the wood parencfiyina or rays, or tluy nia>' 
occur in both tissues. More rarely, these cells contain deposits 
of silica, e.g., the ray cells of whiW uieranti, Queensland walnut, 
and apitong (koruing, gurjun, and .yang) (Pig. 0, c). CVystals and 
deposits of silica, particularly the latter, may have an important 
bearing on the working qualities of timbers : an appreciable 
amount of silicn in a w'ood renders ordinary machine tools and 
feed speeds unev onomic in the conversion of logs to sawn timber. 
For example, the standard type of circular saw in use in Malaya 
for cutting red meranti, when freshly sharpened, will not make 
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a single cut through a 14 feet long log of meranti ieinah, a form 
of white meranti with exceptionally high silica content (up to 3 per 
cent, of the dry weight of the wood). The particles of silica in the 
sawdust have an abrasive effect on the saw-teeth, producing rapid 
blunting of cutting edges and heating of the saw. Experiments 
at Princes Risborough indicate that saws of thicker gauge and 
wider gullet tlian normal, and teeth tipped with carborundum, 
are suitable for the conversion of timbers with high silica 
content. The presence of silica deposits in worxl is of much less 
importance in the rotary peeling of logs in plywood and match 
manufacture : this may be explained partly by the logs being 
j)eeled after boiling, and partly by the different mechanical effect 
on the cutting edge of a knife held against a rotating log, com- 
pared with the spinning of saw-teeth in an abrasive mixture of 
sawdust and silica. In the former case, the knife edge tends to 
push the silica i)articlcs to one side, whereas in the latter the 
silica is ground around the saw’-teeth. Timbers containing silica 
should, whenever practicable, bo converted green, as they are 
then appreciably easier to W'ork. A few timbers without^erystals 
or deposits of silica are equally diilicult to saw because of deeply 
interlocked fibres,^ e.gr., keledang. 

RESIN CANALS OR GUM DUCTS 

Normal “ resin ” canals or “ gum ducts ” are ( ompanitively 
infrequent in hardwoods, although they are a constant feature 
of certain families, of which the most important commercially is 
the Diplerocarpacme, e.g,, meranti (lauan), the apitong group, 
and mersaw'^a. They may occur either as vertical canals in the 
wood, or horizontally in the rays, or, more rarely, both vertically 
in the W'ood and horizontally in the rays, in the same speedes. 
The vertical canals may occur in tangential series, producing the 
appearance of grow'th-ring boundaries (Plate 22, fig. 1), or they 
may be distributed in short tangential scries throughout the wood 
(Plate 22, fig. 2) or scattered singly through the wood as in 
mersawa (Anisoptera spp.) (Plato 22, fig. 3), resak (Vatica spp.), 
and agba (Goasvmlerodendron balsamiferum Harms). The contents 
of the canals of the Dipterocarjidceae usually consist of white or 
yellow, solid, dammar deposits, but in apitong the deposits are 
^ A definition of interlocked fibres is given on page 69. 
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Fig. 3. — ^Transverse sf'ction of a 
vertical resin canal in Shorea 
guiao ( x 300) 


Fig. 4. — Transverse section of Stry- 
ckiws non-blanda showing isUuids 
of included phloem ( x 30) 

Phatot by F.P.R.L.t Princes Risborouffh 
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Tisoous oleo-resinB, wbioh tend to ooze over saTm zaifiMes even 
after the wood is thoroughly seasoned, causing difficulttes in 
painting and other finishing processes. The white deposits, 
particularly when the canals are in more or leas continuous 
tangential series, are often conspicuous to the naked eye on all 
surftujes, appearing as prominent white lines, erroneously called 
*' mineral streaks ” ^ in the trade. 

Radial canals are illustrated in Plate 23, figs. 1 and 2. 

Intercellular canals or gum ducts are produced as a result of 
wo unding in many hardwoods. Such canals are said to be trau- 
matic ; they may be distinguished from the normal type because 
they are invariably in tangential series and they usually contain 
dark-coloured, more or less viscous, gum-like deposits (Plate 22, 
fig. 4). Further, 'traumatic canals are usually larger than the 
vessels, and typically widest tangentially. In some species trau- 
matic canals are suffidlently fiequent in occurrence to be regarded 
almost as a characteristic feature of the timber, e.g., AMcan 
walnut. 


LATEX CANALS 

Special cells or tubes, concerned with the storage of latex, 
occur in the ray tissue of certain timbers. They are usually 
invisible to the naked eye, but where they can be detected they 
are a helpful feature in identification. In a few timbmrs, t.g., jelu- 
tong and mujua, specialized parenchymatous tissue, containing 
numerous latex canals, develops from leaf-traces and continues 
outwards during the subsequent growth of the bole ; such canals, 
as seen on tangential surfaces, are up to } in. high and lens-shaped 
in section (Plate 24). As the leaf-traces occur in whorls the latex 
tissue is found in tangential series at intervals of 2 to 3 ft, dis- 
figuring long lengths of timber, and rendering it unsuitable for 
many purposes. Long splits often develop firom the latex passages 
during seasoning. 


INCLUDED PHLOEM 

A few timbers contain strands or layers of phloem tissue 
* included in the secondary xylem, as a result of abnormal develop- 
ment of the cambium. This phloem tissue is known as included 


X A definition of ndnstal atiMks ia given on page SOI. 
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iiUoem. The sojoeB eztoad up and doim the liee, but tfaCj^ may 
be quite email in cross section (Plate 23, fig. 4), or sevmal inches 
wide tangentially and up to in. radially (Plate 25). Ihduded 
phloem, being of different structure from normal wood, may 
affect the wwking qualities and seasoning properties of timbers. 
In some timbers the included phloem is softer than normal wood, 
and is inclined to pull or tear out when longitudinal surfaces are 
worked with machine or hand tools, but in other timbers, e.g., 
kempas (Plate 26), the included phloem (insists of harder tissue 
than normal wood, and behaves differently in seasoning, giving 
rise to serious splits ; this abnormal wood also impedes the 
penetration of wood preservatives, even when the timber is 
subjected to “ full*cell ” pressure processes. 

In the foregoing pages the units composing woody structure 
have been discussed only in the detail necessary for a proper 
understanding of the properties and identification of wood. 
Readers who wish to go further into the subject are referred to 
such works as Eames and MacDaniels’s An introdudion to plant 
anatomy, and standard text-books on botany. 
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Tangential face of mujua board showing a sories of ribbons of parenchymatous 
tissue containing latex canals (natural size) 

Photti Ity F.P.R.L.f l*rincfH Hitihorough 
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Quarter -sawn board of kempas with included phloem. Note the splits that 
have developed in seasoning 


Ph€tto by F.R.I., Keponfft Malaya 
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GENERAL CHARACTERS 

In Part I it has been shown how the straotuie of wood is the 
outcome of the requirements of the living tree. It remains to be 
seen how this stmotuie determines the usefulness of timber to 
man. It has been stated that the kinds of and thdr arrange- 

ment, chemical composition, and physical structure, determine 
the properties of wood. These iaotcns also govern the details of 
the gross features such as colour, sapwood, heartwood, and growtii 
rings, which are readily seen with the naked eye, and enable one 
to assess the quality of timber. 

SAPWOOD AND HEARTWOOD 

A striking feature of the majority of woods is the differentia- 
tion into sapwood emd heartwood. Generally speiddng, sapwood 
is lighter in colour and less durable ; with softwoods, and in the 
log, the sapwood is wetter than the heartwood. 

It is usual to regard f^apwood as inferior to heartwood, so that 
one of our first oonsiderationB is to examine how far the specifica- 
tion of timber free ftom sap is justified. That this is a point of 
considerable imi>ortanoe will be realized when it is sem how high 
is the percentage of sapwood in an average leg. For examide, a 
2-in. ring of sapwood is not exceptional, but it represents 66 per 
cent, of the total volume in a log 12 in. in diameter, 30 per cent, 
for 24 in. diameter, 21 per cent, for 36 in. diameter, and 16 pw 
cent, for 48 in. diameter. A 1-in. ring in a 12-in. diameter log 
represents 31 per cent, of sapwood. Some tropical timbers have 
as much as 12 in. of sapwood in 30- to 36-in. diameter logs. La 
general, it may be said that average-size oommerdal logs contain 
between 25 and 30 per cent, of sapwood, which, if discarded, 
repcesents appreciable waste. The properties common to sap- 
wood and heartwood, and those that differ, may be eummarized 
aafoDows: 

B 
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OohWt-^la foue timhen k no ocdovr dk^Kcticm 

between sapwood and baaitwood, but in tbe majnity tlieilteart- 
wood is more de^y oolomed. 

Weight. — ^There is usually no significant difieienoe between 
the weight of sound sapwood and sound heartwood of the same 
mdstnre content. Ezcep^ons to this statement are txmbers with 
high infiltrate content, t.e., 6 p» emit, or more, when the heart- 
wood is appreciably heavier than the sapwood. In gtoMi timber 
the moisture content of the si^wood is usually hi^w than that 
of the heartwood, ofisetting to some extent wdght differences 
resulting from infiltrates in the heartwood. 

Strength properties. — Hieduuuoal tests indicate that sap- 
wood of the same moisture content and density as heartwood, 
and free of defisets, is approximately equivalent in stxength 
properties. The figures for sapwood are a little lower in some 
cases, but the differmices are not of praotioal significance. 

I^rability. — Sapwood is ridi in plant food material that is 
attractive to certain wood-rotting fungi and insects. Different 
timbers vary appreciably in this respect, and fungi and insects 
are selective in their hosts. For example, Lydua powder-post 
beetles must have starch but they cannot attack softwoodS ^ or 
small-pored hardwoods because of the lack of facilities for egg- 
laying. Further, starch in itself is not sufficient to attract 
powder-post beetles, the presenSh of traces other substances 
api)esrs to be essential to render timbers liable to attack, and 
these substances ate removed by prolonged soaking of timber in 
water. The infiltrates of the heartwood, on the other hand, are 
frequently positively toxic to fungi and insects. In positions 
where wood is exposed to the risk of decay, or to insect attack, 
sapwood is usually much more readily attacked than heartwood 
of the same spedes. Moreover, tiie presence of large qutmtities 
of sapwood, resulting, in favourable circumstances, in vigor- 
ous growth of wood-rotting fungi, or heavy infestation of an 
insect jiest, may lead to spread of such attack to adjacent 
heartwood. 

* TUs itotoneat, •Ithongh g^nenUy true, appean to reqain qualifioatjon ; 
tba tofiMtatkm of tbe N^nraod of oonomaMf 0. Sm. by AtredM powdw-pott 

beetlM haa been noorded in Africa. &ifbrted aapmod of anawptiMe 

hairdwooda iauaadiately in ooofi^ with aoftwbod aapwood may mndt in tiia 
latter heooming attaekad by tfaa Itoding larvaet bni tbii, of oontaa, ia a diSmnt 
matter ftom mftatation ofiginatmg in sndi tinAer. 
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Sp^oial MiiiMmiiaiui mise lepftin to wood-wotk we 
necesaitattMl decmy xeeolting £rom ftmigel acstivKy : ia these 
circometaaoeB it is rarely poeedble to ensiue that all traoea of 
fungal hyphae are eradicated, so that, as a preoautionaiy measure, 
only timber free from sapvood should be used for the rqpaiis, un* 
less pressaie-^treated timber is employed to r^laoe the defecdTe 
wood. 

Permeability. — ^The conducting tissue of wood usually under* 
goes modifications at the time of heartwood formaticm so that the 
free mcwement of liquids is interrupted. Further, various sub- 
stances are deposited on the walls of most cells during transition 
to heartwood, which renders them more or less impermeable to 
moisture movements. In consequence, heartwood is not so easily 
impregnated with preservatives or dyes as is sapwood. This may 
be of less practical importance than is apparent on the surfBMse : 
heartwocxi possesses more natural resistance to fungal and insect 
attack than sapwood, and the reduced absorption of wood 
preservatives may still be suMcient to ensure that the more 
lightly treated heartwood will outlast the mechanical life of the 
treated timber. Where service conditions impose no limits on the 
growth of fungi, it is not unusual for the heartwood to decay, 
while the outer, heavily impregnated sapwood remains quite 
sound. 

The case for using or refecting sa/pwooA. — ^Where colour is 
of primary importancse it is usually necessary to exclude sapwood, 
but the difficulty may sometimes be overcome by judicious 
staining. For some purposes, however, absence of colour is 
considered desirable, and in these circumstances the light colour 
of the sapwood is an advantage. Where colour is unimportant, 
durability may be the controlling factor, and durability depends 
on the conditions under which the timber is to be used. For 
outdoor uses generally, e.gr., fencing, posts, gates, and railway 
sleepers, sapwood should be excluded unless the wood is treated 
with a preservative, in which case it may safely be retained 
if an adequate treatment is to be given. In wdl-ventilated, 
dry, internal situations, sxich as carcassing and joinery work 
generally, there is no objection to sapwood (1) if the timber 
is thoroughly seasoned h^ore it is installed, (2) if the site con- 
ditions cannot zMSonably be expected to alter adversely afUr 
the timber k installed, and (3) if the timber is not one prone 
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to powdw-pOBt and lM»er attecd:, or if the risk of nidi attadc 

iBTO&ote. lneffBOt,int«aqperateroguni8thB8apwoodof80ltwood 
timben ean be retained in moat indoor aitnations, but that of 
aemal bardTooda, e^., oak, mahogany, and widnnt, ahould be 
ezolttded, aa it ia anao^tible to powder-poat beetle attaek. In 
the trc^OB the liak of wood-borer infestation of aeveral i^pea is 
80 mudh greater that even the aapwood of limbers immune to 
powder-post beetle attadk should be severely reatxioted in limber 
to be used nnixeated for semi-permanent or permanent work, 
and its total ezduaion from fiiniitnie and %igh-claa 8 flooring and 
joinery is advisable. 

Although aapwood may be used in certain oircumstanoes, it 
must not be overlooked that its presence is a potential source of 
danger should the site conditions clumge at any time, and this 
fact must be borne in mind when drawing up a specification. 
Foe example, there is a greater risk that built-in wall plates and 
ground-floor, basement, and roofing timbers may be exposed to 
damp than there is that first-floor and ceiling joists will be, and 
damp conditions render wood liable to fungal attack. It would, 
therefore, be reasonable to allow sapwood in positions ^whete 
riie risk of attack is small, and to exclude it where the likdihood 
of infection is considerable. It ^eill often be found impossible in 
practice to obtain softwood timber entirely free of sap, so that the 
problem resolves itself into paying proper attention to “ site ” 
conditions. Damp-proof courses and air bricks provide the 
means for maintaining good internal conditions, and it is im- 
perative that they should be given proper attention. It is not 
unusual, for example, to find ground-line air bricks blocked-up, 
or for flowerbeds to be raised above the damp-proof course : 
in such drcumstances the protective measures ate rendered in- 
effective. Other causes of damp interiors, likely to lead to decay 
of timber in a building, are neglected pointing, inadequate or 
ineffective rainwater disposal arrangements, or plumbing leaks. 
Stopped-up rainwater heads and gutters, cracked down pipes, 
and neglect of flashings are probably the oommonest causes of 
“ dry rot ” in houses, and are of greater signifioanee than the 
amount of sapwood in the timbers of such houses. Since, how- 
ever, neglect of maintenance of rainwater diiqiosal arrangements 
is BO prevalfflit a firiling, the increasing use of timber oontaining 
large qnantitieB of sapwood tends to make the situation still 
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woiM : tomponuy negleot providea the oiqpoitaiiil^ for fhng^ of 
the Mervliua type to become establkhed, and leoaning ne^^eot 
lesalts in serious decay. The extended luse of impervioos floor 
coverings, laid tight up to skirtings, in rooms subject to oon* 
densation, or where floors are frequently washed, alM gives rise 
to conditions fovourable to fungal Mection, and the large 
quantities of sapwood ordinarily used today tend to increase the 
hazard'‘of decay originating in this way. 

As sapwood is more readily impregnated with preservatives 
than heartwood it should be retained whenever tiie material is 
to be properly impregnated, particularly if .the timber is in the 
round, or roughly squared, and is completely endrcled by sap- 
wood. If the application of preservatives is confined to brush 
coating the ends of beams, joists, or posts, sapwood pieces should 
not, of course, be selected in preference to timber free from 
sapwood. 

In certain other drcumstances, e.p., sports goods, tool handles, 
shuttles, spools, and bobbins, sapwood is sometimes preferred to 
heartwood, but in most oases there is either no justifloation for 
the preference, or the heartwood of the timbers used for such 
purposes does not differ in colour from the sapwood. For example, 
there was a prefMence in America for the sapwood of hickory to 
the exclusion of the heartwood, but exhaustive tests by the Forest 
Products Laboratory, Madison, showed that the heartwood was 
equally suitable for all purposes for which the sapwood was {ue- 
ferred. Again, tiie favourite timbers for shuttles, spools, and Itob- 
bins (persimmon, Tmrkish cornel, and European box) have little 
or no heartwood, or the heartwood is the same colour as the sap- 
wood. In one or two tropical timbers the sapwood is distinctly 
lighter in weight than the heartwood, and for this reason is pre- 
ferred for tool handles, because the strength properties of the 
lighter timber are more than adequate for the purpose. Keranji 
is a case in point : the heartwood of keranji contains a high per- 
centage of infiltrates, which increase the specific gravity of the 
wood appreciably without increasing the strength properties ; this 
added weight is a disadvantage in an already heavy timber for the 
purpose. Sapwood is, of course, freer from such defects as knots 
and shakes, but this advantage is minimized in comparison wirii 
the outer heartomod of large-sized trees. 
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GROWTH RINGS OR LAYERS 

The second gross feature to be considered is the presence or 
absence of growth rings or layers. These, it has bem explained, 
occur in timber grown in regions with distinct seasonal climates, 
in which a growing period alternates with a resting state, and 
where the wood laid down at one period of the growing season 
difiers from that produced later in ^ season. Ihe character of 
the growth ring is sometimes useful in identifying a timber, and 
is often of value in assessing the quality o^ piece of wood. 

The width of rings, or the number of rings per inch of radios, 
is a measure of the rapidity of growth, and is some indication of 
the strength properties of wood. In softwoods, and the ring- 
porous hardwoods, variations in ring width are associated with 
variations in the proportion of late to early wood (Plates 26 and 
27). In the diffuse-porous woods, in which the wood produced 
in a single growing season is not differentiated into early and late 
wood, variations in ring width are associated with variations in 
porosity. In all three lypes of wood extremely narrow and 
extremely broad rings are an indication of exceptionally^weak 
timber ; probably in all species there is an optimum rate of 
growth for the production of the strongest timber, but the rate 
differs with the species. In softwoods this optimum is about 
7 to 20 rings per inch, and within these limits the narrower the 
ring the narrower is the layer of early wood, and, consequently, 
the 'higher is the proportion of late wood. In ring-porous woods 
the optimum is roughly 6 to 10 rings per inch, and within these 
limits the wider the ring the wider the layer of late wood, and, 
consequently, the higher is the proportion of late wood. These 
limits are too strict for most practical purposes : work on ash at 
the Forest Products Research Laboratory, Fjrinces Risborough, 
has shown that wood within a range as wide as 4 and 14 rings 
to the inch is likely to be stronger than that of festor or slower 
growth. It may be recalled that the late wood is composed largely 
of sfrengthenii^ materiid and, therefore, the higher the pro- 
portion of late wood the stronger the timber. It follows that 
within the optimum limits for the species, the narrower the rings 
of softwoods and the wid«r the rings of ring-porous hardwoods 
the stronger the timber. 

The weakness of the very slowly grown softwoods and ring* 








PLATE 27 



Fig. 1. — Transverse section of ash ( . 7). Fig. 2.— Trans verse ^ction of ash ( x 7). Fig. 3. — ^Transverse section of ash ( x 7). 
Slow grown (40 rings per inch) Medium -slow grown (19 rings per inch) Fast grown (9 rings per inch) 

Photos by L. A. Clinkard 
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porotH hardwoods is expliMiied by the reiy narrow layers of hit 
wood that their litigs contain. The weakness of n^iidly ^dwn 
softwoods, on the other hand, is explained by ibe.Tery wi^ layers 
of early wood. In hardwoods grown faster than the optimum 
limits, however, although there is an increase in the iax>p(»^on 
of late wood, the individual fibres ate abnormally thin walled, 
and the timber is, in consequence, weaker than less rapidly grown 
material in which the late-wood fibres have thicker walls. 

Other factors than ring width are more important in deter- 
mining strength properties of individual pieces of wood, but ring 
width is a useful rough guide, so long as its limitations ate 
recognized, and it can be used in the timber yard or workshop. 
For example, the writer classified a stock of ash tool handles 
into grades on a ring-width basis and, by imposing an arbitrary 
maximum number of rings per inch of radius, eliminated practi- 
cally all the inferior timber. On the other hand, mechanical tests 
showed that the arbitrary classification excluded a considerable 
proportion of good timber. Had density been utilized as a second 
factor a more accurate estimate of quality would have been 
realized. The value of the rings-per-inch classification depends 
on whether, in practice, the acceptance of a certain amount of 
inferior timber would be more economical than paying the higher 
price resulting from the imposition of a stricter specification, and 
this is a point that must be settled separately for each case. 

No specification covering supplies of timber on a commercial 
scale should rest on a rmg-width classification alone : a more 
important factor is the percentage of late wood. An average of 
50 per cent, of late wood is recommended, for example, with some 
pines for exacting constructional purposes. Other factors, to be 
later discussed, e.g., density, irregular grain, and defects, also 
require to be taken into consideration. 

Strength properties are not the only &ctot8 that determine 
the merits of a timber : for some purposes working qualities are 
of equal or greater importance, in such circumstances, timber 
produced undmr other than the optimum growth conditions, for 
strength may be superior to tiiat produced under the optimum 
ootaditioDS. For example, mildness in working is associated with 
narrow-ringed material. The mildest softwood timber is tbat 
ftom Dortheni ihirope and the higher altitudes of central Europe, 
and the linge frequently exceed 20 to the inch ; su<di timbM* is 
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imatirpaBsed for joiiiery purposes. In the same way, the ^milder, 
slower-grown, and oonsequmitly narrower-iinged ** Auslanan ** oak 
is preferred for flooring, panelling, etc., to the faster grown, wider- 
ringed, and stronger English oak. The English oak is, however, 
better for constructional work. 

COMPRESSION WOOD 

In softwoods a special type of tissue,, known as compression 
wood, is developed on the under (comprdlpion) side of branches 
and the lower sides of leaning stems. The outstanding feature 
of this type of wood is its abnormally high longitudinal shrinkage. 
Whereas normal wood shrinks 0*1 to 0*2 per cent, in drying from 
the green to the oven-dry condition, compression wood may shrink 
as much as 6*78 per cent., and is commonly 0*3 to 1*0 per oent.^ 
In consequence, boards and planks containing compression wood 
are liable to bow in seasoning. The abnormal wood is exceptionally 
dense, but the extra weight is not accompanied by proportional 
increase in strength ; in particular, compression wood has rela- 
tively low bending strength and lacks toughness. The c^nged 
properties may be attributed to abnormally high lignin content, 
and for this reason compression wood is not suitable for chemical 
paper-pulp, and its lack of toughness is equally objectionable in 
mechanical pulp. 

In most species compression wood may be recognized by its 
relatively dark red-brown colour, and by the lack of contrast in 
colour between the early and late wood (Plate 28, fig. 1). In 
boards and planks the abnormal wood frequently occurs in streaks 
running the length of the timber. 

TENSION WOOD 

In hardwoods a special type of tissue, known as tension wood, 
is formed on the upper sides of branches and the upper sides of 
leaning stems (Plate 28, fig. 2). In effect, hardwoods produce 
tension wood in circumstances where softwoods produce com- 
pression wood. Tension wood is paler than normal wood, and it 
appears more lustrous when viewed by obliquely reflected light. 

^ FSgnrM ffran '* The kmgitadinal shrinkage of wood by A Koehler, in 
Trans, Am, Boo, Jlioeh, JSnginoero, Jan.-April ISSl, v6L 63, No. a 
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It difim from normal wood of equal denaily in being exceptionally 
weak in oompiession paralld to the grain. It is, however, shghtly 
stronger in tension and toughness tiian normal wood of the same 
density. As with compression wood, tension wood has abnormally 
high longitudinal shrinkage ; the radial shrinkage is normal, and 
tangential shrinkage rather greatmr than normal. Gelatinous fibres 
ace chaiaoteristio of the tension wood of many spedes, €4/., of beech 
and walnut but not of others, e.y., ash. In all so to exunined, 
the lignin content of the cell walls is deficient compared with 
normal wood. S. H. Clarke has summarized the working qualities 
of tension wood as follows : “ in the lathe, H/umings came from 
tension-wood cylinders in long, pliable pieces, but those firom 
normal wood were more brittle and broke into small chips. When 
surfaced on a rotary planer the tension wood was inclined to be 
woolly where the cutting went against the grain.” 

GRAIN, TEXTURE, AND FIGURE 

Grain and texture should be used to refer to two quite distinct 
characters of wood, but more often than not they are confused in 
everyday use. An attempt has been made by timber research 
laboratories to standardize the use of the terms, resixioting each 
to a single feature. It is proposed that grain shall refer to the 
direction of the fibres, relative to the axis of the tree or the 
longitudinal edges of individual pieces of timber, and that texture 
shall apply to the relative size, and the amount of variation in 
size, of the cells. 

Fig^ure refers to the pattern produced on longitudinal surfaces 
of wood, as a result of the arrangement of the different tissues, 
and the nature of the grain. 

Before describing the different types of grain, it will be as well 
to discuss the incorrect uses of this term. l%ese fell under several 
heads, e.g., those describing the muiner of sawing, those correctly 
pertaining to texture, and those referring to width of growth rmgs. 
Of the first, we have quarter, edge, vertical, and comb grain, 
referring to timber that is out parallel to the rays ; for such timber 
*the term” quarto- (or rift-) aawn” is proposed. Timber cut at right 
angles to the rays should be described as flat-. (back-) sawn ^ and 
not as ” flat grahi ”. In hardwoods ” coarse ” and ” fine grain ” 
Flst^awn ia often lefened to m ^irangh.anil.tiuoagh Mwing* 
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are frequently applied to oharaoteristios that depwd on ^the size 
of tiie elements, and, theiefoie, are moie correctly described as 
testnze ; oak, for example, should be described as coarse textured 
and not coarse grained. In softwoods, on the other hand, coarse 
and fine grained are often used to describe the width of growth 
rings ; the former to wood with broad rings, and the latter to 
wood with narrow rings. Here the feature is neither grain nor 
texture, and is better described by the terms wide- and narrow- 
ringed or fast- and slow-grown. \ 

“ Even ” and “ uneven grain ” have bmn used to distinguish 
regularity and irregularity in the width of growth rings. As this 
character is neither dependent on the direction of the fibres nor 
on the size of cells, but on the rate of growth, it is inaccurate to 
refer to it as either grain or texture, and a much clearer idea is 
given by employing the phrase " growth rings regular (or irregular) 
in width 

Timber that breaks with a short, brittle fracture is frequently 
described as short in ^ grain. The description is inapt, as the 
failure has nothing to do with the length of the fibres, nor is it 
connected with their direction, in relation to the vertical «xis of 
the tree, but with their brittleness, i.e., the readiness with which 
the fibre widls fracture at right angles to their length. Brittl^ess 
may be an inherent property gf the species, or it may be caused 
by such factors as fungal decay, “ spongy heart ” ; exceptionally 
low density (for the spedes), compression wood, or even mal- 
treatment in seasoning (usually too rapid (hying in a kiln at a 
high temperature and too low humidity). Tropical timbers tend 
to be more brittle than temperate-climate woods of similar density 
because of their higher lignin content. Brittle timbers, however, 
are stiffer than more flexible ones, and for some purposes this may 
be an advantage, provided they are not likely to be overloade<l, 
when they would fail suddenly and without warning. 

" Grain ” is sometimes applied to describe the figure of a 
timber : stiver grain, for example, refers to the appearance of 
timbers with broad rays, cut on the quarter ; it is only indirectly 
connected with the direction of ike cells, t.e., the l«oad plates of 
ray tissue Bu<di as occur in the true oaks and Anstndian silky oak ;* 
to be consistent, figure i^ing from the presmoe of broad rays 
should be described as silver figure (Plate 30, fig. 1). 

Qrain . — ^Using the restricted meaning, six types of grain may 
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Fig. 1. -fcJiKer hguie in quarter sawn odk Fig. 2 — Flat*sawn oak 
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be distinguisbted. fltraag^t grain explains itself. In straight* 
gieined timber tiie fibres and other dmaents are mcoe or kss 
parallel to the rertioal axis of the tree. In addition to being a 
oontribotoxy £sct<^ in strength, straight-gnuned timber 
for ease of tniUing and reduces waste. On the othn hand, it does 
not give rise to ornamental figure. 

Irregidar grain. — ^l^ber in which the fibres are at vary- 
ing, and irtegi^, inclinations to the vertical axis in the log, is 
said to have irregular grain. It is frequently restricted to limited 
areas in the region of knots or swollen butts. It is a very common 
defect and, whmi excessive, seriously reduces strength, besides 
accentuating difficulties in milling. Irregular grain, however, 
often gives rise to an attractive figure. Pronounced irregularities 
in the direction of the fibres, resulting from knoll-like elevations 
in the annual rings, produce blister figure (Plate 31, fig. 1). The 
valuable and attractive bird’s-eye figure (resulting firom conical 
depressions as opposed to the elevations in blister figure) seen on 
the finished tangential surfaces of selected material of a few 
species, e.g., maple, is held to be the result of temporary injury to 
the cambium (Plate 31, fig. 2). 

Diagonal grain is a milling defect, and results from other- 
wise straight-grained timber being cut so that the fibres do not 
run parallel with the axis of the board or plank ; such timber is 
weaker than that properly sawn. 

Spiral grain is produced when the fibres follow a spiral 
course in the living tree. The twist may be left- or right-handed. 
The inclination of the fibres may vary at different heights in the 
trunk, and at any one height the inclination may vary at different 
distances from the pith. The cause of spiral grain is not definitely 
known, but there is evidence that it is an hereditary characteristio of 
individual trees. Although not always readily visible, spiral grain 
may often be detected firom the direction of the surfiuse seasoning 
checks, often visible fw example on telegraph poles. Spiral grain 
reduces the strength of timber and t», therefore, a serious defect 
in timber for important structural work. 

Interlocked grain^ or interlocked fibre as it is often called, 
results &om the fibres of successive growth laym being inclined 
in opposite din^tions, producing on quarter-sawn surfisces the 
familiar figure known as rffibon or stripe flguM (Plate 32, fig. 1). 
Interlocked grain is reiativdy uncommon in temperate woods but 
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it is a oharacteristio feature of most tropical lambers. As fiv as 
is known, it does not appreciably affect the strength of timbw, 
but it may cause serious twisting during seasoning and, if pro* 
nounoed, makes the wood difficult to split radially (Hate 33, 
fig. 2). There is dso the added disadvantage that such timber 
“ pidte up ”, particularly when being planed on the quarter, leaving 
a very rough finish. In timbers with heavily interlocked grain, i.e., 
when the pitch (the angle between the fibres and the vertical axis 
of the tree) exceeds 20° or 30°, and the successive changes in 
inclination of the fibres occur at intervalk of ^ to | inch radially, 
sawing difficulties may be very great : the fibres tend to puU out 
and wrap themselves round the saw-teeth until the saw becomes 
buried in the log, bringing all machines driven off one motor or 
engine to a standstill. With timbers in this class, e.g., keledang, 
sepul, and terentang, interlocked grain can cause as much trouble 
in conversion as does the high silica content of other timbers. A 
reasonably smooth surface can, however, be obtained in sawing 
and planing with modem machines, employing more set than is 
ordinarily required, a suitable cutting angle, and a modified rate 
of feed. 

Wavy grain . — When the direction of the fibres is constantly 
changing, so that a line drawn parallel with them appears as a 
wavy line on a longitudinal ^urfaoe, the grain is said to be wavy. 
This type of grain gives rise to a sraies of diagonal, or more or 
less horizontal, darker or lighter stripes on longitudinal surfaces, 
because of variations -in the refiection of light firom the surfooe 
of the fibres : this is called fiddle-back figure (Plate 32, fig. 3). 
Wood with wavy grain presents a corrugated surface, as shown 
in Plate 33, fig. 1, when split. The importance of this type of 
grain lies in its decorative value, and any reductions in strength 
are of no consequence. Wavy grain may occur, together with 
interlocked grain, in one piece of timber, giving rise to a broken 
” ripple ” on quarter-sawn surfaces, called toe figure (Plate 32, 
fig. 1). 

Texture. — Just as it was necessary to employ qualifying 
adjectives to describe the different types of grain, so is it with 
texture, and we have tiie terms coarse, fine, even, and uneven 
trature. The differentiation between coarse and fine texture is 
made on tire dimensions of the vessels, and the width and abun- 
dance of the rays. Timbers in which the vessels are large, or the 



PLATE 32 



Fig. 1.— Stripe or ribbon figure in Fio. 2.— Roe figure in mahogany Fio. 3.— Piddle-back figure in walnut 

African mahogany PAoto by F.P.R.L., Princes Risborovffh ; veneer Photo by F.P.R.L.t Princes Risborouyh ; venet 

By courtesy o/ E. //. B. BouUon, Esq, lent by Messrs. John Wright ( Veneers) A Sons lent by Messrs. John Wright {Veneers) A Son 
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Fig. 1. — Split block showing wavy grain 



Fio. 2. — Split block showing interlocked grain 

Phatot by Kepong^ Stiangoft Malaya 
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rays broad, are said to be of eoacas tastors, bat wbea the T o w el s 
are small, and the rays narrow, the timber is of flue taitare. 
Blany intennediate grades are met with, and some sneh dassifiea- 
tion as the fidlowing will be foond usefbl : — very fine, e.g. , Eorc^wan 
box ; fine, ejg., qroamore ; medium, ejg., biroh ; moderatdy coatee, 
ejg., walnut, mahogany ; eocaree, ejg., oak. Striotty speakmg, idl 
softwoods are fine, or at most only moderately ooarse^xtnred, 
as their cells are all of relatiToly small diameter, but a few with 
partioulariy thin-walled traoheids, ejg., sequoia, may give a rather 
rough finish when sawn, and by oomparison with the denser pines 
are distinctly ooaise-teztured. 

The texture of softwoods is influenced by the alternation of 
the zones of early and late wood. When the contrast between 
the zones is strongly marked the wood may be said to be of 
uneven texture, eg., long-leaf pitch pine, Douglas fir, lardi; 
when there is little or no contrast the wood may be said to be of 
even texture, ejg., white pine, true firs, spruce. In this sense the 
terms may also be applied to hardwoods ; ring-porous woods are 
uneven in texture, but diffuse-porous woods are even in texture 
unless broad rays or wide layers of wood parenchyma are present, 
when the texture may be as uneven as that of ring-porous woods. 

Figure. — Several different types of figure have been mentioned 
in the discussion on grain, but many more than these are recog- 
nized in trade terminology. Those recorded are, however, the 
principal types uising firom the type of grain present, and other 
kinds of figure are mainly modifications of the basic types. For 
example, ram’s horn is a special foim of wavy grain in which the 
waves are comparatively short, so that the resulting horizontal 
stripes are narrow and close together. Curls that resemble ostrich 
feathers are called feather curl at. in m>tdh mahogany (Plate 31, 
fig. 3), and so on. 

Figure also arises from the distribution of certain types of 
tissue in a wood: the broad high rays of the true oaks and 
“ silky oak ” are an examide of figure — “ silver figure ” — de- 
rived firom the particular distribution of the ray tissue in these 
woods. The alternating layers of dense late wood, and leas dense 
early wood, produce the prominent ” flame ” figure of certain 
softwoods, e.g., Douglas fir, when fiat-sawn. 

The diatribntion of the wood parenchyma in broad oon- 
spiouous layem, ejg., qiedes of MiUeUia, give rise to ” fiame ” 
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figure, aometimeB oalled «at«red<iilk fiigure, when the tiihben Me 
fist-sawn, and similar figure is produced in timbete willi alter- 
nating layers of different colour, e.g., rengas and the striped 
ebonks. The presence of a partioular type of grain, or the 
arrangmnent of certain types of tissues, is not in itself suffioifint 
to ensure that decoratiye figure will be apparent, so long as 
the timber is correctly conyerted, i.e., quarter-sawn or fiat-sawn, 
depending on the source of the figure. Hie prominence and 
decoratiye effect of figure is dependent on the natural lustre of 
wood, vide page 66. 

THE INFLUENCE OP THE DIRECTION OP THE 
GRAIN ON THE UTILIZATION OP WOOD 

When the strength of timber is the primary consideration it is 
usual to specify that it shall be straight gained. The importance 
of this specification wiU be seen when it is realized that there is a 
reduction of about 4 per cent, in bending strength when the sbpo 
of the grain is 1 in 25 ; with a slope of 1 in 20 the reduction is 
7 per cent. ; with 1 in 15, 11 per cent. ; with 1 in 10, 19 per cent. ; 
and with 1 in 5, 45 per cent. The stiffness of a beam is al3(freduced 
by sloping gram, but to a less degree ; the corresponding reduction 
in stiffness for the same yariations of slope being respectiydy 3, 
4, 6, 11, and 33 per cent. 1%e percentage reductions in bmiding 
and stiffness yary somewhat with different species, but the figures 
quoted giye an indication of the general trend. In consequence, 
it is recommended ' that a slope of greater than 1 in 15 should 
not be permitted in beams ; in flooring and in the smaller sizes 
of joists and rafters, on the other hand, where stiffness is generally 
of more importance than bending strength, a slope of 1 in 10 is 
usually permiasible. Timber for tool handles and sports goods 
needs more careful selection, since a slope of only 1 in 25 causes 
a reduction of 9 per cent, in impact bending (shock-xesisting 
abilities). Hmber for such purposes should be as nearly straight 
grained as possible, and in no drcumstances should the slope 
exceed 1 in 25. Eyen greater care is necessary in the selection 
of timber that is to be steam bent, as satisfactory bends cannot 
be made from other than straight-grained timber. The require- 
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another a^^ ci Uapatttau» of {pun direotifm. Wketb-^^ 
grain dt^pea £eom Hhe inaWa tO the ontakie of the oadc there ii 
a likelihood^ of the contenta aeepiag through the atayea, hratoit 
atraightneea^ of graui ia an easential (jnality in timbw £or tiiia 
puriwae. 

It ia not always easy to recognize that a |Meoe of timber is not 
atraight grained, particularly on the flat'Sawn faces of timber with 
conspicuoua growth rings, or on any focectf timber without growth 
rings. A useful indication is giyen by vesad Hnes, gum veins, 
resin ducts, and seasoning checks. In the absence of these 
features, and when it is impracticable to split the wo<xl, the 
direction of the grain may be detected by raising a few fibres 
with the point of a penknife, or alternatively by noting the 
spread of an ink spot (see also Eig. 13). 

COLOUR 

From a practical viewpoint colour is of importance because 
it may enhance or detract from the decorative value of timber. 
Ebony, sycamore, mahogany, and walnut are notable instances 
in wldch the use of timbers has to some extent been determined 
by their colour or lack of it. 

We have seen that colour is caused largely by various infiltrates 
in the cell wall. Some of the infiltrates in certain timhers, e.p., 
logwood, are extracted for use as dyes. Some undergo changes 
when timber is exposed to light, air, or heat, with the rMult that 
many timbers darken with age, and others fade. Mahogany fades 
under strong sunlight, but darkens in moderate light ; grey syca- 
more turns green in daylight, but not in artificial light. Several 
timbeEB, e.jr., teak and Borneo white seraya, exhibit quite a ran^ 
of colour when freshly planed, but after a short exposure to day- 
light the colours even out considerably. 

The moist heat employed during 1^ seasoning darkens many 
woods, so much so that some are steamed purposely to alter tiie 
colour, e.g., beech and walnut sapwood. Colour changes are also 
effected by ohmnical means, e.g., liming lightens the colour. and 
huning (with ammonia gas) darkens it, removing tlm pink or red 
ritades. Bfewehing of wpod with hydrogen peromdeia also feaMMe. 

In an ear^ihr leetion it has bemi mentioned that woods wRh 
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Ro. 13 .-Me«uTem«nt of the elope of the grain. A. B. «« 1 0 , meawi^nent o 
elope when the timber ia truly quarter, or flat-eawn : dope*® in A, ane 

jjjinBandC. » and E, meaenrement of dope when the timber ie not trnlj 

quarter, or flat-eawn: dope=« « being perpendicular to the Kna bed 

•hmg a growth rag fa D, ««i bed being perpendicular to a growth ring ta 
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s high fawwfa content axe often ywy dnmbte. Snoh voode, 
oak, veetexn red oedar, and merbau, all develop nnaightily daxk 
staine if th^ axe allowed to come hi oontaot with iron nader 
moist conditions. Incidentally, th^ have a bad effect on the 
iron too, which is important in mnseum cases containing metal 
ezhitnts. 

ODOUR AND TASTE 

Many timbers have a characteristic odour, whidi is apparant 
when they are worked in a fairly fresh condition, but whudi 
usually disappears as the wood drys out. Perhaps the most out* 
standing examples are the charactetistic resinous odour of the 
pines, ti» spicy aroma of sandalwood and Central American cedar, 
and the camphor-like odour of Formosan oamphorwood. Certain 
Australian timbers of the Aeada group possess an odour not 
iinlikft violets, coachwood is reminiscent of new-mown hay. West 
Indian satinwood of coconut oil, and Queensland walnut has an 
objectionable foetid odour that disappears as the wood dries. 

The taste of wood is closely related to odour, and can probably 
be feraced to the same constituents. Both properties influence 
the utilization of timber : the choice of woods for food containers 
is, for obvious reasons, restricted to those without pronounced 
odour or taste, as it is undesirable that any odour or taste should 
be imparted to the food itself ; the flavour of tobacco, on the 
other hand, is alleged to he improved when stored in Central 
American cedar boxes, although manufacturers would appear to 
attach little importance to the merit of the wood since they 
usually cover it with copious quantities of paper ; and camphor- 
wood is used for clothes-chests in the East because it is rq>uted 
to repel insect pests. 

IRRITANTS 

The infiltrates and cell contents of several timbers may give 
trouble to some wood-workers, and, in extreme oases, they may 
be the cause of certain illnesses in individuals. The most common 
complaint u that the " dust ” of several woods irritates the 
mucous membrane, causing more or less violent sneezing, e.p., 
sneezewood. Many woods induce dermatitis, whidi may be ‘so 
severe as tainoapadtate the worker for some days. Exceptionally, 
serious nose bleeding, or glandular swelling, may be induced, or 
asthma in those susceptible to this oomplaintii There is an ever* 

w 
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growing list of timbeiB known to speoialiste in the fidd of 
Miedicine as responsible for certain occupational diseases, although 
reaction to many woods is very much an individual idiosynorai^. 
It is usually possible to isolate a particular substance, occurring 
as one of the ingredients among the infiltrates, as the causal agent 
of the deleterious properties of the wood. 

Among timbers that have figured in the medical records are 
abura, agba. East Indian satinwood, iroko, makor6, mansonia, 
obeche, opepe, peroba, and teak ; the foregoing does not pretend 
to be in any way an exhaustive list. Timbers likely to head any 
** black list ” are mansonia and makori, although those who have 
had experience with them would no doubt rank dahoma, rengas, 
and tali high among timbers troublesome to wood-workers. 

Improvements in dust-extraction plant in modem wood- 
working shops are assisting in minimizing inconvenience to 
operatives. Alternatively, it is often practicable to plan work so 
that relatively small quantities of the more objectionable timbers 
are put through the machines in one day. In this way miUs have 
succeeded in cutting considerable quantities of mansonia without 
any inconvenience to their operatives. Exceptionally, it may be 
possible to protect exposed parts of the body with barri^ creams 
or oil, as is done by Chinese operatives handling rengas and other 
timbers of the family Anocardtoceae. In rengas the irritant ” 
is the black sap that occurs in the radial intercellular canab. 
Sawdust from the sawing of ^barked logs of a few species, e.g., 
melawis, is liable to cause intense skin irritations during sawing. 
Irritation from melawia is caused by the fine, needle-pointed cells 
in the inner bark. 

LUSTRE 

Lustre depends on the ability of the cell walls to reflect light. 
Some timbers possess this property in a high degree, e.g.. East 
Indian satinwood, lauan, and sapele, but others are comimratively 
dull, hornbeam. As a genm*al rule, quarter-sawn surfaces 
are more lustrous than flat-sawn, and if stripe, fiddle-back, or 
roe Sgaxe is present the figure is considerably enhanced m timbers 
pf^geBBiog A nBturgl lugtre, Altboiighlustreisanassetinacabinet 
timber, &om a praatioal -newpoint tim oapadty for taking a 
good ia quite aa important, and tiie two do not neoeeaatily 
go hand in hand. 
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THE IDENTIFICATION OF TIMBERS 
THE PROBLEM 

The identification of timbers may, at first sight, appear to be 
a oomparatiTely simple matter ; when it is realized that there 
are over 20,000 woody species in the world it will be appreciated 
that in some cases correct identification may be exceedingly 
difficult. Actually it is not always possible to arrive at the 
correct spedfic name finm the examination of a single sample 
of wood, although it is usually possible to narrow down the 
identification to a group of related species, and this may be 
sufficient for most practical purposes. Moreover, although there 
are so many species that produce woody stems, only a simdl 
proportion grow to timber size. Even so, the number of species 
producing commercial timber runs into some hundreds. The 
characters available for distinguishing woods are not numerous, 
and identification should be based on an examination of fi)ature8 
that are known to be reliable, rather than on the more obvious 
characters, e.p., colour and weight, that tend to be far from 
consistent. 


THE PROCEDURE 

The average timber user handles relatively few timbers and 
can usually recognize those with which he is &miliar by a cursory 
glance ; he is not, however, in a position to name timbers with 
which he is not fiuniliar. On the other hand, it is often possible 
to arrive at the identity of an unfamiliar timber hy a process of 
AHfTiiwaiiimi along Certain well-ertablished lines. Each timbw or 
group of very dosdy rdated timbers possesses a duraoteristic 
end surface ; that is, the cells ate so arranged as to produce 
a distanctive pattern. In theory, ident^ce^n csiSa hifc tdue 
nwimnriring ^ theeo distxnedye patterns. But \uat sa one irould 
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maike little headway in leaming Ghineee diaraoten wi^oat an 
toaderstanding of the roots from which the characters are built 
up, so with timber identifioatmn, the components that give rise 
to the distinotiTO cell patterns rnnst he thoroughly understood. 
The next stage is the development of sorting devices, which make 
use of the separate components, a similar problem to that facing 
finger-print experts : without a sorting device identification of 
other than the few common timbms is often a difficult matter 
even for the expert. 

The apparatus required for identifying timbers may include 
a high-power microscope and the complete paraphernalia of a 
laboratory devoted to the study of wood, but for most practical 
purposes a sharp penknife or a razor blade and a small pocket 
lens, ^ving a magnification of 10 to 16 times, are all that is 
necessary. The first step is to prepare a small area of end surface 
by iwA.1riTig a clean cut with the knife. The importance of using 
a really sharp knife and obtaining an absolutely clean-cut end 
surface cannot be overstressed. A blunt knife simply obscures 
structural details and a notched edge produces scratches ^hich 
may be mistaken for rays or lines of parenchyma. From quite a 
small, clean-cut area of cross section it is possible with the aid 
of a lens to see a large amount of detail that is not visible on a 
rough surface with the naked eye. The method -of malfiTig the 
out is all important ; it most be made in one action and not as 
a series of small jabs ; the knife blade must be as nearly parallel 
with the end surface of the piece of wood as possible to ensure 
that the prepared surface is truly transverse and not oblique (a 
tiutfp knife tends to dig into the wood, producing a surface inter- 
mediate between the transverse and a longitudinal face) ; and 
the out must be made along the rays firom the bark towards the 
centre of the tree. A piece of wood about the size of a match- 
box is convenient to work with. A preliminary out may be 
necessary to establish the direction of the rays on end surface. 
When this has been done the {ueoe of wood should be held in the 
fiingets, by tiie more nearly tangential faces, and a single cut 
made along the tajb . If the cut surfisoe is blurred under a lens, 
although the knife Uade used was sharp, it is probable that the 
out was made in the direction from the inside (of the free) out- 
wards. To overcome this, the piece of wood should be turned 
through an angle of 180°, and the out repeated, when it will be 
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along tile rays, but in the oorieot direction, i.e., from the i>aih 
towards tite omtre of the tree. If no free of the wood is 
sufBoientiy radial it may be necessary to trim the block to 
ensure a transvmse out being made along the rays. After the 
end surface is prepared, the subsequent procedure depends on 
several dreumstanoes, and only general principles can be dis- 
cussed here. 

The relative positions of the three surfaces of wood, trans- 
verse, radial, and tangmitial, often confuse the beginner : Plate 
34, fig. A, clarifies this point. Figs. B, C, 'and D of Plate 84 
show how different the three surfaces of the same wood can 
appear. 

In every case the first point to decide is whether vessels are 
present or not ; this settles to which of the two main classes of 
timber (hardwoods or softwoods) the smnple belongs. Next, the 
type of growth rings, or their absence, and then the presence or 
absence of resin canals are helpful features. The examination of 
a sample for these three features alone narrows the range appreci- 
ably. Other features, such as the type of rays, the distribution 
of the parenchyma, weight, hardness, and colour, are used in 
turn. Such features as wood parenchyma and rays are often 
more apparent if the cut-surfree of the wood is moistened. 

The procedure outlined above is the basis of all k^ys to the 
identification of timbers. Keys axe artificial devices, leading 
to correct identification by arbitrary means, a considera- 
tion of unrelated features in the most advantageous sequence. 
The commonest form of key in general use in botanical and 
entomologioal work is the dichotomous k^, whereby successive 
pairs of mutually exclusive conditions are so arranged that, by a 
process of elimination, one is led step by step to the identity of the 
specimen. Such keys are suitable for a restricted number of 
timbers, plants, or insects : they become unmanageable if their 
construction is attempted for too many different individuals, 
because it is frequently necessary to use features that axe subject 
to oonsidraable variation within a single species, and it becomes 
inoeasingly difficult to find pairs of dharacteristios that are 
-mutually exolnnim> lu some ciroumstanoes it is often neoessaxy 
to include the same timber, plant, or insect in more than one 
section of a k^ to ensure covering vaxiation within a species, 
or the lack of really satisfeotoxy, mutually exclusive, characters. 
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Ab a prdimiiiaty to tiie oonstraotion of a didhotomoiui 
it is an advantage to list tlie ieatnrea present in every timber 
to be indaddd in the key ; to &oilitate subsequent work the list 
should be in tabular form. Because the foatures used are so 
different, it fei neoessaiy to prepare separate lists, and therefore 
to oonstmot separate keys, f<» softwoods and hardwoods. 

The procedure in preparing a table of features is to allot 
one column for eaoh feature, either across or along the side 
of a pieoe of paper, and to have a column for the timbers 
(Table 1). Opposite eaoh timber, and in the appropriate oolnmn, 
a cross is put if the feature occurs and a hiinus sign if the 
feature is wanting. If the occurrence of the feature is vari- 
able in different spedmens of the same timber an alternative 
sign, e.g., ±, may be used to denote this. In such cases it is 
necessary to bring out the timber in two places in the key if this 
feature is used before the timber has been excluded on some 
other score. A multiplication sign x may be used to indicate 
that a particular feature is indistinct. 

In pre})aring a dichotomous key the table provides an easy 
means of seeing at a glance those timbers that can be run down 
quickly : the columns with few crosses indicate features that will 
eliminate a few timbers in the early stages of the key. The 
subsequent sequence is immaterial, but it will be found more 
satisfectory to use the mote cleeur-cut features before the more 
ambiguous ones, i.e., features that are easy to recognize and not 
ones that are open to personal interpretation. The dichotomous 
key that follows has been constructed from the data in Table I 
— more than one key could, of course, be constructed firom the 
same data by taking successive features in a different order. 


1 Wood ring'poroua 3 

1 Wood not ling'porons S 

2 Pore olustetB present (parenebyma Elm 

abeent or mdiatinct) 

2 Pore dusters abeent 3 

3 Raya wider than TesBele (parenchyma Oak 

in fine lines) 

8 Bays not wider than vesselo 4 

4 WoodwUte (no odour) Ash 

4 Woofflnown (distinctive odour) Teak 

6 Vessels eacolusively solitary 6 

6 Vameb not exolnsively solitary 7 
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6 

Nomial verlaoal canals present 

Gurjun 

6 

Normal vertical canals absent 

Opepe 

7 

Scalariform perforation plates distinct 

American white- 
wood 

7 

Scalarifoim perforation plates indis* 
tinct or absent 

8 

8 

Rifiple marks distinct 

9 

8 

Ripple marks indistinct or absent 

10 

9 

Confluent parenchyma present 

Sapele 

9 

Confluent parenchyma absent 

Central American 



mahogany 

10 

Vessels in radial groups 

11 

10 

Vessels not in radial groups 

12 

11 

Parenchyma banded, wood red-brown 

Hlakord 

11 

Parenchyma not banded, wood yellow 
or blacky or streaked brown-black 

Ebony 

12 

Normal vertical canals present 

13 

12 

Normal vertical canals absent 

14 

13 

Canals in short tangential series 

Gurjun 

13 

Canals not in short tangential series 

Mcranti 

14 

Tissue other than rays storeyed 

Oheche 

14 

Tissue other than rays not storeyed 

15 

15 

Parenchyma in broad conspicuous 

Kkki 


bands 

e 

15 

Parenchyma not in broad conspicuous 
bands 

16 

16 

Parenchyma distinct to naked eye 

17 

16 

Parenchyma not dieting to naked eye 

20 

17 

Wood white or yellow (terminal 
parenchyma indistinct) 

Idigbo 

17 

Wood not white, terminal parenchyma 
prominent 

18 

18 

Parenchyma apparently terminal only 

Central American 
mahogany 

18 

Parenchyma not apparently terminal 
only 

19 

19 

Confluent parenchyma present 

Iroko 

10 

Confluent parenchyma absent 

Dahoma 

20 

Wood walnut-brown 

African walnut 

20 

Wood not walnut-brown 

21 

21 

Wood pink-brown to red-brown, TAys 
just visible to naked eye 

African mahogany 

21 

Wood light pmky rays distinct only 
with lens 

Gaboon 


In ludi^ this key cnie takes the first pair of conditions : if the 
sample for identification is ring-porous, tme proceeds to question 2 , 
and if diffuse-porous, to question 6. It will be seen that the same 
question oui be used more than once in diffment sections of the 
1 e» 7> gurjun is brou^t out undw exclusiTely solitary vessels 
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and nmnal vertioal oanab, and merantt under Taeaals not ex* 
dnsiTely solitary, bat normal xartioal canals prasemt, madt later 
in the key. 

Timbers are so nnmeroos, and the differences betwem many 
are so smaO, that it is impossible to oonstmct a workable dicho- 
tomoos hey to mnbraoe all tiie timbers in the world. Seyetal 
good Joys exist that are restoioted to the timbers of parMoalar 
coantricB at localities. For example, Chalk and Bendle's key to 
British hardwoods,^ Record’s key to Norw American timbers,* 
Dadswell’s keys to Australian timbers,* and Brown’s key to 
Indian timbers,* ate excellent for the timbers thqr embrace. 
All dichotomous keys have the disadvantage that additional 
timbers cannot be included in the k^ without reconstruction 
of laq;e sections, if not the greater part, of the key. 

Mr. S. H. Clarke, C.B E., M.Sc , when a wood anatomist at 
the Forest Products Research Laboratory, adapted the Paramount 
sorting system to timber identification in his aptly named multiple 
entry key. Special cards, patented by Messrs. Copelsnd>Chatter- 
son Co., Ltd., containing punched holes along their four eides, 
ate employed ; each hole is used for one feature (Fig. 14). Every 
timber to be included in the kqr requires a separate card and, if 
certain features are variable in different samples of the same 
timber, two or more cards may be necessary, exceptionally as 
many as eight cards. The card is completed for each timber by 
punching the holes for the features present in the wood with a 
special punch that cuts a V-shaped slot from the original punched 
hole. When all the cards are prepared they are sorted so that all 
ate arranged the some way round and the key is ready for use. 
To fecilitate rapid sorting it is convenient to out one comer of 
each card on the splay, e.g., the top right-hand comer as in the 
cards patented by Bfessrs. Copeland-Chattenon. 

Mr. B. J. Rendle, B.Sc., and his oolleagae Dr. E. W. J. HulUps 
ci the Forest Products Research Laboratory have propued the 
data for a set of cards for more than 400 commercial timbers ; 

* B n Ut k KatiwoodB, FwaA Praduota Baswiwih Butt. No. S, HJI. Btetiouory 
Offloa 

* nmtouttfNorAAmtfieabrS- J-BMOfd. JUm Wilqr A 8<»a IM4. 

* Bidb. Nm. S7, 78, and 90, Oounott for Sot. bd. RwMvdi, OanuMOiraaltli 
o( Auatfoluw NelboiHiio. 

* An rfe mriW ianF i w n w a ? <//iidiBii wood fcatwolwy* ty fl» P« Brown. Oalontta, 
Qov. bdis Oaotnit PuU. Bcanoli, 1888. 
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tius infonnaiion has been puUiflhed u * FoKBt Products Researoh 
Laboxatoty BuHetan — No. 25 — and blank oaids, albeit on 
xatber thin papw, ate available from H Jf . Stationery Offioe. In 
Hwing the data it is imp<«rtant to apineeiate jnst how the defini- 
tions difiermt anatomical features axe used sinoe some of the 
tenns, e.y., fine lines, are used in a slightly different sense finm 
tiie given in Chapter m. 

To identify a timber, any fisatore present in the specimen is 
selected and a steel needle threaded through the punched hole 
for the selected feature (Plate 36 ^). The can^ for those timbexB 
in which the selected feature occurs drop out as the needle is 
shaken. These cards are again sorted so that they are all the 
same way round, a second feature is selected, the needle threaded, 
and the shaking process repeated. The cards that drop out on the 
second occasion ate again sorted and the process continued with 
different features in turn until only one or a few cards remain : 
provided a card for the q>ecimen to be identified has been pre- 
pared it wiU be among those finally eliminated. With some 
timbers the card-key system results in the elimination of all cards 
but one, although more often a selection has to be made from two 
or three cards, because it is not possible to include dl features on 
the card, and interpretation of a few features is largely a matter 
of personal opinion. However, when selection is narrowed to 
two or three timbers, correct identification can usually be arrived 
at by matching the unknown timber with authentacated specimens 
of the few alternative choices. In working with a card-key of 
this type three precautions must be observed ; (1) in shaking the 
pack, cate must be taken to ensure that all the cards free to 
drop out do, in fitct, drop out ; (2) care must be taken that the 
correct pack is used after each sorting, *.s., if a feature is being 
used positively the cards that drop out are used for the next 
operation, and vice versa; and (3) the cards must be kept in 
good condition, {.e., should any of the punched holes become 
tom a new card must be made out. 

The two special advantages of the card-key system axe: 
(1) the simplicify with which new timbers can be added to the 
kqr — aU that ft required is an additional card, and (2) any 

1 Plato 18 depioto a ainltiple entiy eaid-kegr, irtiioli, Iwwavw, to 

apwatodidenttoi%. Thapartoolarli^wasdevaioiiedlwUw Anatoabaa Voreto 
Piodnsto Labontoqf to on on tbe Baciflp boot m ttae 1888-48 War. 
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seqoenoe can be adopted that inroiniseB speedy idmtifioatiOD. 

It is naual to ooofine keys to fisatoraa visible onfy witii the 
aid of a microsoope or to fisattues visible to the naked eye or 
erith the aid of a low-poww hand l«as, bat there is no reason 
why a key should not combine both olaaoea of fmtnses, althor^ 
su(^ keys can, of course, only be used in the laboratory. In a 
lens key it is deorable to record features as they appear, whether 
or not the observations ate in accord witbtlmfiMsts. For example, 
the line of tissue bordering a growth ring in neeoh is not terminal 
parenchyma, but it is convenient to record it as such because, 
with a lens, it is rather difficult to establish that it is not 
true terminal parenchyma. Actually, the line consists of a few 
rows of radially-flattened flbres, wantii^ in diffuse parenchyma, 
and this zone contrasts with the remaindra of the fibre-diffuse 
parenchyma background to give the effect of a line of distinctive 
tissue. 

The successful use of keys necessitates some experience in 
the examination of small samples of wood, and this can only 
be obtained by practice. Readers who are anxious to bcf in a 
position to identify any but the few common timbers in eTer 3 rday 
use wotild be well advised to make their own keys £rom a study 
of a collection of authentic samples of timbers. As a preliminary 
to a concerted attack on the inroblem of identification, there is 
no better method than the preparation of scide drawings of the 
end surfaces of different woods. The procedure is to prepare a 
dean-cut portion of the end surface, and to mark on this a square 
with one-centimetre sides. Next, a sheet of paper with a square 
of five-centimetre sides is requited. The details visible in the 
marked square con then be transferred to the paper, more or less 
to ooireot scale. It is usually helpful to commence with the rays, 
and then to draw in the vessels, and subsequently the other details. 
The method is admittedfy laborious, but the preparation of thirty 
or finty drawings fixes the distinctive patterns of the woods in 
the mind, and is of great hefy in mastering the tedinique of 
timber identification. 

FinaUy, it may not be inapinoptiate to comment on the 
(fifisrent ways of expresdng magnification. It is not always easy 
to appndste the significance of xlO, xl6, x30. Anaddedcom- 
{dioatimi is introduced by makers iiHotibing tibe magnifieaticm of 
podcet lenses on a different system fitcm other optical eqnfyment. 
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Whereas it is usual Ibr the magnifioation of miorosoopes and text* 
bode jlhistiatknis to be in terms of linear dimensions, pocket lenses 
ate usually ihseeibed in terms of area ma^ifioation. Thus a xlO 
pocket lens is a linear magnification of or just over 3 linear, 
whereas a text illustration x 10 is equiTslent to an area magnifica* 
tion of 10* or 100. The frontisi»ece will, it is hoped, darify the 
problem of scale. 

The top three squares are designated in terms of area magnifi- 
cation, and the bottom four squues in terms of linear magnifi- 
cation. In both series the squares on the extreme loft are 
“ natural size ”, or x 1 magnifioation. The liext square to the 
right in both series is milarged, to acale, at the magnification 
given. That is, the square in the top series marked x 10 is the 
size the square marked ” x 1 ” becomes when magnified x 10 
area magnifioation ; that marked x 16, the size when the “ x 1 ” 
squared is magnified x 15 area magnification. Similarly, the first 
two squares to the left of the “ natural size ” square in the lower 
series are drawn magnified x2 and x6 linear magnification 
respectively, and the portion of the x 6 square outlined in white 
is drawn to scale, magnified x 30. It will be observed that x 5 
linear magnification is an appreciably higher magnification than 
X 10 area magnification — the relation is 5 to VlO or 6 to 3*10. 
The largest magnifioation, using a hand lens, that it is convenient 
to work with for any continuous period is an area magnifioation 
of X 15 ; an area magnifioation of x 20 is the extreme limit of 
magnifioation for hand lenses — beyond this the field is too small 
and the hand is insufficiently steady to permit of keeping the 
” object ” being examined in focus. Comparison of the amoimt 
of detail visible in the section of oak x 5 linear magnification 
(•.«., x25 area magnification) with that visible at xlO linear 
magnifina-tinTi (Plate 19, fig. 3) will make it apparent that there 
are very real limitations to the anatomical study of wood with 
a pod^ lens. Nevertheless, witii practice, it is possible to 
see a great deal, often not as clear-cut as could be desired, but 
sufficient for purposes of idmitification. 
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CHAPTER VI 


THE MOISTURE IN WOOD 

DETERMINATION OF MOISTURE CONTENT 

1 

The timber of living trees and freshly felled logs oontaiiis a 
large amount of water, which often constitutes a greater pro- 
portion by weight than the sohd material itself. The water has 
a profound influence on the properties of wood, afitecting its 
weight, strength, shrinkage, and liability to attack by some 
insects and by fungi that cause stain or even decay. 

Since the properties of timber depend so much on the amount 
of moisture it contains it is frequently necessary to know the 
exact moisture content of a particular sample, i.e., how much 
water is present in the sample. The amount of moisture present 
in converted wood varies appreciably in different droumstances, 
but the dry weight of wood substance in a given sample is omi- 
stant. Hence, it is usual to express the variable — moisture 
content — as a percentage of the constant — dry weight of the 
sample. The ratio is simply : 

Weight (or voluino) o f water present 
Dry weight of wood substance ^ 

There are several ways of determining the moisture content of 
wood, but by far the most satisfactory for most purposes is tibe 
oven-dry method described below. 

Oven-dry method. — ^In this method, the moisture content 
of the moment is obtained as follows * 

Initial wt of sample-dry wt of sample 
Dry weight of sample ^ 

Tim initial weight of a sample is the actual weight at tiie time of 
test, and the diy weight is the weight of the sample after the 
moisture has been eiqieUed. 

ApparatUB.—T!bo apparatus required is a simple balance, and 
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aome form of diying oven thaf; om be maintained ait a mote 
or len constant temperature. 13ie type of balance saitaUe in 
commercial practice is one of the self-re^stering iTP^, eraighiag 
to an accuracy of 0*5 gram and up to a maximum of about 600 
grams. The metric system is recommended, as it simplifies the 
calculations ; otherwise En^^ish units will do equally welL 
Various types of drying ovens axe on the market, but all are 
essentially similar in principle, in spite of makers* claims to 
special advantages. The essential pointSi^o look for are : (1) tire 
capacity of maintaining an even temperature between 96** and 
106* C. (206'’-220** F.) ; (2) good ventilation (a sample heated in 
a closed box would, of course, not lose moisture once the sur- 
rounding air space had become saturated) ; and (3) source of heat. 
For heating, electricity has the advantage of simplicity, but gas, 
oil, or steam may equally well be used ; it is entirely a matter 
of convenience. Designs of simple ovens, one electrically and 
the other steam heated, axe given, and their method of con- 
struction described, in leaflets issued by the Forest Products 
Beeearrii Laboratory, Princes Bisborough. The one illustrated 
in Plate 36, manufactured by Messrs. W. and J. George ft Becfter 
Ltd., is to the Princes Bisborough Laboratory’s design. 

Sampling. —Provided attention is paid to the essential points 
enumerated above, the method of selecting test blocks is of 
greater importance than any particular features of the apparatus 
used for weighing and drytog the samples. It is essential that 
the sample shall be representative, not only of the board or 
piamk from which it is cut, but also of the parcel as a whole. 
For example, the moisture content of the sapwood of some 
species varies appreciably firom that of the heartwood, so that 
the prcqiortion of sapwood in the test blocks should be similar 
to t^t in the whole parcel. In practice, the moisture content 
of a laxge quantity of timber should not be based on a single 
sample, but on two or three selected at random. When taking 
samifie boards from a stack of timber outside ones should be 
avxtided, as these often differ appreciably in moisture ecmtmit 
from those of the interim. Having seleoted tiie samples, off-outs 
of the full cross section of each sample should be taken not lass 
than 9 to 12 in. (preferably 2 ft) from eiihw end, and | to f in. 
along the grain. Laigar ^eoea take murii longer to dry, and are 
not nooeasaiy. Earii sample should be reasonably free firmn 
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knots: sltlioii^ their aotnal inflnenoe on mdstnte-eoDAeat 
detsnninsti^ is not known, th^ are not typical the wood 
as a wlude '; in some softwoods, for instance, th^ may hare 
a M gl* resin omtent, snd the resin may ran oat daring oven 
drying. 

Procedufe, — Once the test block has been oat oat, rapidity 
of weighing is essentiid to minimize ibe dianoe of the sample 
picking op, or losing, moistore between the time of catting and 
ttiat of weighing, sinoe small moisture losses or gains during this 
interval will inbrodune apptedable errors in the oalonlated moisture 
content, and such losses or gains are much more rapid in the small- 
sized samples used for moisture-content determinations than tiiey 
are in the boards or planks from which the samples are oat. 
Afbec the initial w^ghing the samples should be transferred to 
the drying oven. This should be ran at a temperature of 60* C. 

the first few hours to prevent the moisture in the centre of 
the samples from being sealed in, as a result of case-hardening.^ 
The temperature can be raised to 102° afterwards, and the 
samples left in the oven overnight. They should be re-weighed 
first thing on the following morning, and again some hours later. 
Rapidity of weighing is of particular importance when the 
samples are oven dry, as, in this state, they wUl absorb moisture 
in a very short space of time. If there is no appreciable differ- 
ence between the last two weighings, the lower may be taken as 
the oven-dry weight. If, Jiowever, the second weighing shows an 
appreciable drop, drying must be continued for a further period. 
Diying in au oven does not expel all the moisture, but the small 
discrepancy — the last one per cent, or so — is not of practioai 
importance. 

Example. — A test block with an initial weight of 88*7 grams 
weif^ed 76*7 grams twenty-four hours later, and 76*6 grams four 
hours later stUl. Accepting the second of these re-weighings as 
the dry weight, the moisture oonteot of the sample was : 

or Igljx 100-15-8 per cent. 

Sii^ calculations of moistnre content may be suffident for 
determining irttc^isr a stock of timber is suitable for a graeral 
purpose, «jg.t huloor or outside use, but oecasiims wiU often arise 

^ Bee pege 2M for • deflnition of CMe-IUMrd(HiiBg« 
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when it is deniable to detecmine moistoxe contents of tiie same 
ntaterial from time to time over a period. This is the ease, fox 
example, when studying the progress of seasoning in a stack. 
Such wmk can be greatly simplified if test boards are so arranged 
in the stack that they can be withdrawn without disturbing the 
sta<& on each occasion. This can be achieved by notching the 
stickers (the slats of wood used for separating tiie layers of 
timber in a stadc) above the test boards,, so that the latter are 
free to move. Having estimated the mixture content of the 
test boards firom samples out in the normal way at the time of 
the first test, the moisture contents can be calculated on subse- 
quent occasions from re-weighing of the boards alone. 

Example. — ^The initial weight of a test board is 51 lb., and 
its moisture content, as determined from samples, is 27*6 per 

27*5x 

cent. Let its dry weight equal “ x ”, then x+-|^~61, and 

x-40. After a lapse of a week the board is re-weighed and 
found to scale 48*3 lb. We know the dry weight from the previous 
calculation, so that the moisture content of the moment ean be 
determined by substitution in the formula 

Present weight - dry weig ht 
Dry weight 

in this case — 

^ 20*8 per cent. 

The process can be repeated as often as is required during the 
seasoning period. 

Distillation method. — ^The presence of oils or resins intro- 
duces an error in the calculated moisture content because these 
substances, being volatile, are lost in the process of drying, and 
are counted as moisture, so that the calculated figures are too 
high. This should be borne in mind when dealing with such 
timbers as gurjun, apitong, keruing, and resinous samples of 
long-leaf pitch pine or timber impregnated with an oil preservative 
such as creosote. Moisture-content determinations in such ciroum- 
staaces can be accurately determined by the distillation method. 

In this method the sample takes the form of about 60 grams 
of chips, borings, or sawdust. The sample is placed in a fiask 
nfmtidnhtg a wator-insolnble oil of low densiiy ; xylol is the one 
most often used. The apparatus onpk^red is illustrated in 
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Fig. 15 . It consists of a flask, with suitable heating anange- 
ments, a reflux condenser discharging into a graduated trap 
that collects the condensed water firom the wood and returns 
the solvent oil to the flask. Distillation is continned until no 
more water collects in the trap. The volume of water collected 




Fio. 15 ' -Distillation method of moisture-content detenmnation 
alternative types of apparatus 

By couTtety of the Jhnetor, Ftveeee Hutofpugft 

is read direct in cubic centimetres. As one cubic centimetre of 
water weighs one gram, the weight of water in the sample is 
obtained automatically. With samples containing only natural 
oils or resins, the moisture content is arrived at simply as follows : 

Wt in grams ^f water collected ^ j.* 

Initial wt of ihewood wmple - Wt in grams of water collected 

-per cent, moisture content of sample. 

Samples impregnated wood contain, in addition to wood 
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substanoe and water, an unknown weight of jneservatire. This 
wdght must next be determined, and is done exfoaotion of 
the preservative, with a suitable solvent, from the liquid remain- 
ing in the fladc at the mid of the initial distillation process. The 
moisture content of the ixeated wood can then be calculated : 

Wt in ^ms of water collected ^ 

X - (Wt of preservative + Wt in grams of water collected) ^ 

-pm cent, moisl^ue content of sample, 

where x is the initial weight of wood sample. 

The distillation method probably gives more accurate results 
than the oven-drying method for any wood, but the delicate 
apparatus required, and the risk from fire that heating xylol 
entails, render it suitable for use only in properly equipped 
laboratories. Such laboratories are not normally to be found, 
nor are they required, in ordinary commercial layouts. Even 
with timbers such as gurjun, the oven-drying method gives 
moisture-content values within about 1*5 per cent, of the true 
values, which is accurate enough for most purposes for* which 
such timber is used. Moreover, it u easy for errors to creep 
in with the distillation method : chips of wood, borings, and 
sawdust, unless carefully and rapidly weighed after collection, 
may quickly lose moisture, so that the calculated moisture 
content is below that of the piece firom which the sample was 
taken. It is, however, necessary to use chips or their equivalent 
to ensure that all the contained moisture is completely and 
rapidly extracted. The small size of the sample makes com- 
plete extraction of water essential, even minute quantities 
retained in the wood would appreciably magnify the errors 
in the calculated moisture content. A sample of 50 grams has 
been found convenient to work with ; smaller ones might 
magnify errors unduly, and larger ones involve inconveniently 
cumbe^me apparatus. Besides accuracy, the distillation method 
has the advantage of rapidity : distillation should take only 
three or four hours. 

Moisture meters. — ^The moisture oontmit of wood may be 
determined indirectly by measuring some other ixopoty that 
varies pcoiiortionately with changes in moisture content. For 
example, the dectri^ resistaiioe of wood is an index of its 
moisture content. Fortunately, the range over which a dose 
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relatioiiBhip ezuts is that from about 6, up to 24, per oent. 
moistnie content, and this fact makes the measurement of 
eleotrioal leaistanoe or conduction by means of electrical nudstuie 
meters practicable. 

Electrical moisture meters hare been developed bqmnd the 
laboratory stage : they have been in oommraoial use for several 
years. Two general ^rpcs of insfruments are made: one evaluates 
moisture content by measuring eleotrioal resistance, and the other 
determines the ele^oal oapaoitanoe of wood. 

The resistance type of machine has electrodes in the form of 
spikes, which are driven into the wood. Ilie eleotrioal con- 
ductivity of the wood is used as an index of moisture content, 
which, in some instruments, is directly read from a scale. In 
the capacity type of instrument surface plates are clamped on 
opposite faces of the timber and the oapaoitanoe between the 
plates is balanced against a variable condenser. 

Instruments can be obtained that will indicate by the frequency 
of flashing of a neon tube whether the wood is drier or wetter 
than a predetermined standard ; or, alternatively, the moisture 
content may be indicated directly on a scale. 

Several electrical moisture meters of the resistance type are 
available on the market ; an instrument of British man^aoture 
is illustrated in Plate 37, fig. 1. Any equipment capable of 
measuring the veiy high resistances involved, when fitted with a 
suitable electrode assembly for mining contact with the wood, 
and calibrated, can be used within the limitations of this method 
of moisture-content determination. For example, an ordinary 
insulation testing sot, capable of leading up to 1000 megohms, 
can be adapted to read moisture contents firom about 11 per 
cent, to fibre saturation point.^ 

Resistance varies with the temperature, increasing with a 
falling temperature, and decreasing with a rising temperature. 
Moreover, the resistance for any given moisture content and 
temperature is not constant for different spedes. Hence, coneo- 
tions have to be made for temperature and species. This is 
fortunately not difficult to do with sufficient accuracy for practioal 
purposes ; instruments are usually supplied with tiie necessary 
correction data by the manufacturers. 

Besides the question of cost, and the frujt that a different 

* For datfaithm of fibre eeteratiaa point eee page 89. 
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scale, or correction factor, has to be nsed for each specMS, lesist- 
ance moisture meters haTe other limitations. In the first place, 
the figure read off the scale is the moisture content of the piece 
to the depth of penetration of the electrodes, oc, with contact 
instruments, the surftMie of the piece. In the early stages of 
drying, the surface moisture content of a board or plank is likely 
to be Tery different from that of the interior, and with thick 
timbers t^ is likely to be so always, so i^t the meter reading 
gives too low a figure for the piece as a Vhole. On the other 
hand, a surface film of water left by a shower of rain will cause 
the reading to be too hi^. In the second place, the instruments 
ate delicate, and require careful handling and considerable 
technidJ knowledge to maintain them in an efficient condition. 
Moisture meters, however, have distinct commercial possibilities : 
they give results almost instantaneously, and when appropriately 
used will give readings within one per cent, of the true values. 
Moreover, they provide the only practicable means of determining 
the moisture content of finished woodwork tn aitu without 
damaging the wood. Moisture meters are particularly suitable 
for sorting veneers on moisture content, but they have a much 
wider use provided the operator appreciates their limitations, 
and is constantly using them for the same class of work. In 
effect, as a handmaid they can be extremely useful for thin 
dimension stock, but they are not so suitable when used as the 
bads for a sales contract. 

Gapadtance-type moisture meters are not restricted to the 
moisture 'Content range of resistance instruments, because the 
electricd capacitance of wood varies directly with the amount 
of moisture it contains, firom the green to the oven-dry state. 
Further, the effect of temperature is so small as to be of no 
importance for ordinary purposes, and different species do not 
introduce variations in the measured moisture contents. The 
apparent advantages of the capadtance-ty]>e meters are, however, 
more than offset by this importurt disadvantage : the instru- 
ments measure the weight of water in wood, which can only be 
converted to a moisture content if the spedfic gravity of the 
wood is known. In practice, capadtanoe-t3rpe meters are cali- 
brated on the average spedfic gravity of a spedes, which may 
we& not be the actual specific gravity of the piece bdng tested for 
moisture content. Contact with the wood is made by various 
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i^rpoB of suitably insulated condenser plates ; in one form two 
pifttjw are placed on opposite sides of the piece of wood undm test, 
and in another four quadrant-shaped plates, assembled in the 
form of a flat circular disk several inches in diameter, are pressed 
against one surface only of the wood ; the latter arrangement 
is used with oapadtanoe-type meters in commercial production 
in America. 

THE OCCURRENCE OP WATER IN TIMBER 

k 

It has been mentioned that the cells of wood are hollow, and 
that in the living tree many of the cell cavities are fllled with 
water. Moreover, the solid material of which the cell walls are 
composed is itself saturated with water, much m the same way 
as seaweed that has just been tmcovered by the tide. As might 
be expected, the “ free ” water in the cell cavities has very little 
influence on the properties of wood other than its weight ; it may 
be compared with water in a bottle. If the “ free ” water were 
removed from the cavities of the wood the properties of the timber 
wotild not be greatly changed, any more than are those of a bottle 
emptied of its contents. It is actually impossible to remove all 
the water in the cell cavities without removing some from the 
cell walls, but, as a starting-point of our discussion, it is convenient 
to imagine the theoretical state when the cavities are empty and 
the cell walls are saturated ; this state is known as the fibre 
saturation point. 

In describing the cell-wall structure of woody tissue it was 
explained that the walls consist of several concentric layers, 
and that the layers are composed of fibrils, which were pictured 
as minute, needle-like units. The water in the cell walls appears 
to be in films between these units, more or less like mortar in a 
brick wall, but also inside the fibrils themselves, in some form of 
physico-chemical composition with the molecular structure of cell- 
wall substance. There is a limit to the thickness of the fiima of 
the water, and consequently to the amount of water held in the 
cell walk. In most timbers the walk can hold about 26 to 30 per 
cent, of their dry weight ; when thk amount k present the wood 
k at fibre saturation point. 

Reverting to the analogy between seaweed and wood, it may 
be recalled that the former k sometimes used as a weather guide 
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beoatiae it is hygroscopic ; tiiSpt is, it is able to absorb moisture 
£rom a humid or damp atmosphere, and allows water to evaporate 
when the atmosphere is dry. Wood behaves in a similar way, in 
that there is a constant interchange of water between wood and 
air depending on whidi is the wetter. When “ green ” wood is 
exposed to dry air it loses water to that air. Free water in the 
coll cavities is first given up, and, when this has been removed. 



Fio. 16. — Relation between specific gravity and theoretical maximum 
moisture content. For explanation see text 

By wwtay of A Koehler ^ Eiq 


water in the cell walls is gradually absorbed by the surrounding 
air. The cell-wall water is conveniently termed hygroscqfic 
mmsture. With loss of water from the cell walls, wood shiinks, 
and, like seaweed, becomes stififer and harder. If dry wood is 
placed in a humid atmosphere it absorbs water, and swells, and 
as it does so it becomes less rigid. 

The amount of free water that a piece of wood can retain is 
governed by the volume of the cell cavities and intercellular 
spaces. The volume of these depends on the amotmt of cell-wall 
substance in any given volume of wood ; the greater the proper* 
tion of wall substance, the greater the amount of water that can 
be absorbed by it, but the smaller the proportion of ficee water, 
and also of the total amount of water in a given idece of saturated 
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wood. This nlfttion u iUustcatod theoratioalfy by tba onrve in 
Fig. 16. Tb« graph is only approximate, bemiue infiltoates of 
diffetent epecifio giaTity from vood aubstanoe inflnenoe the por- 
tion. The praeenoe of infiltrates of higher spectfio gravity than 
wood sabstanoe eanaes the paomtage of water read from the 
graph to be too low and tiie presence of those of lower spedfio 
gravity causes the pwcentage to be too high. 

'‘MOVEMENT” IN WOOD 

s 

The tendency of wood to shrink or swell with changes in the 
moisture content of the atmosphere is a factor inseparable from 
the material. This characteristic behaviour of timber is popularly 
called working ” or ** movement ** ; it cannot be eliminated by 
any particular method of seasoning or storage, although the 
deleterious results can be minimized by taking certain precautions. 
Certain chemical treatments, developed in recent yean, hold out 
promise of modifying the hygroscopic properties of wood, thereby 
])ormanently reducing movement in service of such treated timber. 
These measures are discussed later in this chapter. 

It is a matter of general observation that timber shrinks hardly 
at all along the grain : in drying from the green to the oven-dry 
condition the shrinkage in this direction amounts to only a few 
tenths of 1 per cent. In the radial and tangential directions, 
however, movement is appreciable, and in drying from the green 
to the oven-dry condition shrinkage in the radial direction may 
amount to 7 per cent., and in the tangential to as much as 14 per 
cent., and average figures for many timbers are 4 and 8 per cent, 
respectively. The movement occurring under ordinary atmo- 
spheric conditions is, of course, much less than occurs over the 
wide range firom the gremi to the oven-diy state. 

Tangential shrinkage is usually about twice as great as the 
radial, although in some spedes it Aiay be as much as eight times 
as great. It will be apineciated tiiat this difierence is a matter 
of importance in the utilization of timber, and the differential 
dizinkage.^as the ratio of tangential to radial shrinkage is called, 
may determine ^ suitability of a timber for a particular purpose. 
Advantage is commonly taken of the fact that quarter-sawn 
material of most timbers shrinks appreciably less than flat-sawn, 
e.g., for flooring. The ezeeptionrfOy low differential shrinkage of 
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Oentral Amerioan mahogany » ooupled with the low total ahiinhage 
of this wood» makes it particularly suitable for certain special 
purposes, e.g., cabinet work and backing for engravers’ plates. 
Kfierential shrinkage is important because it is related to dis- 
tortion in drying, but low total shrinkage, and, particularly, a 
low absolute difference between radial and tangential shrinksge, 
largely determines the amount of movement in seasoned timber, 
and may in some circumstances be the more important factor, 
e.g., in joinery and roofing shingles. Exceptionally low shrinkage 
characterizes certain softwoods, which have in consequence 
established reputations as joinery timbers, e.g., yellow pine and 
western red cedar. Total shrinkage in hardwoods is typically 
greater than in softwoods, but an outstanding exception is teak, 
the total shrinkage of which is little higher than in the best soft- 
woods. This fact, although the least stressed when the merits of 
teak are discussed, is one of the most pertinent reasons for the 
pre-eminent position of teak for so many exacting purposes. 

Even more remarkable than teak, or Central American maho- 
gany, is the East African muninga {Pterocarpus a7igoJen8ifJ)»C.) : 
the shrinkage of this wood is the lowest of any timber so far 
tested, being only 0*8 per cent, radially, and 0*9 cent, tangentially, 
in drying from the ** green ” state to 12 per cent, moisture content. 
Other timbers with a small overall shrinkage, and a low ratio of 
radial to tangential shrinkage, and therefore comparable in 
stability with teak, are afzelia {Afzdia spp.), iroko, and afirormosia 
{Afrormoaui sp.). 

The fibrillar structure of the cell wall helps us to explain why 
longitudinal shrinkage is negligible, but transverse shrinkage is 
appreciable. Cell-wall moisture is held between the fibrils, and 
between the micellae that compose them, and removal of hygro- 
scopic moisture results in these units packing closer together, 
causing appreciable contraction transversely, but little change in 
their length. It has already been mentioned that the fibrils are 
arranged more or less parallel with the longitudinal axis of the 
cell ; they are not completely longitudinal, and any deviation, 
however alight, gives rise to shrinkage in the longitudi^ direction 
as may be seen ficom Kg. 17. 

The forgoing is a simplification of the facts, imperfectly though 
they are understood to date. The picture as presented does, how- 
ever, assist in explaining certain readily observable phenomena : 
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a truly reotai^iilar soantUng of groMi wood is likely to beoome 
distorted inifeasoniog (Plate 8A), a flat-sawn board is liable 

to onp (Plate 37, fig. SB), but a quarter-sawn board will remain 
flat (Plate 37, fig. SC). 

PERMANENT SET 

But for shrinkage there would be no distortion of 

converted timber in drying : shrinkage would be the same in all 
directions, and eadi piece would merely beoome proportionately 
smaller. On the other hand, the true geometrical shapes that 
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Fig 17 — Fibnllar structure and its relation to shrinkage, (i) Diagfamroatic 
representation of fibrillar structure in green timber the black lines represent 
the fibrils and the white the films of water » (u) the same cell when seasoned 
the black Imes are shghtly narrower as a result of small water losses from the 
films surroundmg the fusiform bodies, but the white hnes are appreciably 
narrower because of the much larger water-lossea from the films sunrounding 
the fibrils (note that the reduction in length of the ceU is much less than the 
reduction m width) , (m) and (iv) diagrammatio representation of fibnllar 
structure m green and air dry timbers, in which the pitch of the fibrils is less 
than m normal wood (note that the reduction m leng^ of the cell as the wall 
dries out is much greater than m normal wood) 

differential shrinkage call for are usually not attained in practice, 
because of the influence of drying stiesses, and the peculimr 
property of wood substance of becoming set. 

When wood dries under a oomf^essive stress it assumes a 
compression set ; that is, its final dimensions are less than they 
would be were it dried und» stress-free conditions. The final 
dimensions are permanent for the particular combination of 
humidity and temperature conditions of the atinosphere of tiie 
moment. Hence the term permanent set. Subsequent changes 
in the prevailin^atinospherio conditions will be accompanied fay 
shrinkage or swelling permanently set wood, as in s t r cas fi tee 
wood, but the starting-pdnt of the dimensional dhanges is that 
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df tiie set oondition. Beoaose oonverted timber Miely dries 
untfionnly throoghont, stress-set timber is ehnoet Ibe mb latber 
than the exception, end this npsets the prediotable final dimensioiis 
^t difiecoitial ahrinhage alone leqniieB. Wood can also dty 
under a tenrile stress, when the final dimensions are greater than 
they would be under stcess-fiee conditions, i.e., tenrion set haa 
been induced. 

Ordinary re-wetting, or further diyi^, of compression or 
tension set wood does not idiere tiurset condition; high 
temperature treatments in a saturated atmosphere, steaming, 
alone wiU remove permanent set. This is because the stresses that 
induce set are appredable : the individual elemmits or cells are 
themselves distorted, as is revealed by microBoopic examination. 

Set does not arise only in the course of drying green timber, 
that is, in seasoning ; it can occur in timber in service. For 
example, adequately seasoned flooring, laid in a new building 
that has not dried out fully, tends to pick up moisture firom its 
surroundings and swell. If the floor has been clamped up tightly 
it will be restrained from swelling the full amount, and, iipoonse- 
quenoe, compression set results. As the building dries so will the 
flooring, but, starting from the set state, the flooring ultimately 
reaches equilibrium (its initially intended state) with smaller 
dimensions than its initial dimensions. For similar reasons, wood 
adequatdy seasoned for the service conditions to which it will be 
exposed, and without provision for “movement”, is liable to 
shrink to a noticeable extent over a period of years. This explains 
why provision for “ movement ” should always be made in floors, 
for example, whatever precautions are taken to season wood 
adequately in the first place. C!ompreesion set is also induced 
in l^der rungs or axe handles if they ate allowed to become 
wetted : on drying, previously tight-fitting rungs or handles are 
found to be loose (see also Plate 37, fig. 2). 

Variation in the amount of shrinkage (or swelling) in timbers 
of different species is not exjdained by the finegoing discussbn. 
The small shrinkage in the radial direction has been attributed to 
the restraining influence of the rayu, and recent critical studies 
have added furthw exjdanation by reference to the mino- 
stmotnre of the cell wall. Bitter and Ifitdbell^ have souibt 
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a& ezpknfttien in the fifanllar stmotmre of the walL Pits are 
sum niiineiooB in the radial iralb of fibres than in tike tan<* 
gential walk, and pits must oause a displacement of the fibrils, 
mudi as the dements of the main stem are displaced by knotC 
In oonsequenoe, the influence of longitudinal alignment of the 
molecular sWhctuie maldng up the fllnjls comes into play, and 
because this component is introduced more firequently in the 
radial than in the tangential plane, by reason of the more 
numerous pits, total shrinkage in drying is less in the radial than 
in the tangential direction.^ 

% 

ESTIMATION OP MOISTURE CONTENT PROM 
MEASUREMENT OP SHRINKAGE 

The methods of determining moisture contents that have 
already been described do not demand especially elaborate 
apparatus, nor appreciable technical skill, but they are suitable 
only where moisture -content determinations are a routine 
practice, as they should be in timber yards, joinery works, and 
other wood-using factories generally. A simple test is available 
for checking the moisture content of timber without the use of 
special apparatus ; it is based on measurement of shrinkage, 
and is useful in determining the suitability, as far as seasoning 
is concerned, of timber on a job. 

The procedure is to select a representative scantling, and one 
that has not been lying on top of the pile, and to cut off a cross 
section, about } in. along the grain, some 2 feet from one end. 
Measure the width and thickness of the sample accurately to the 
nearest sixty-fourth of an inch. To ensure re-measurement in 
precisely the same line, it is advisable to put small dots at the 
points of measurement. Expose the sample in a well-ventilated, 
inhabited room for a few days, t.e., 4 to 7 days, and then re- 
measure. In this period the sample should reach equilibrium 
with its surroundings, and the decrease in width and thickness 
will represent the amount of shrinkage that wiU occur whm the 
timber k put into service. If this test is carried out in summer, 
greater shrinkage than that actually measured may be expected 
to occur in wintdlf^ becauae domeetio heating dries the air more 
than do summer temperatures. It is possible to obtain an idea 
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of the amount of shrinkage to be expected without the necessity 
of measurement, by matching the test sample firom time to time 
with the identical piece of timber firom which it was cut. Bfoasuie* 
fttent is more satisfactory, however, and more convenient whmi 
the timber to be tested is some distance ficom the ofiSoe where 
the experiment is carried out. 

This test gives information as to the state of the timber at the 
time of inspection. If there is a considerable delay between the 
time of test, and the time when the timber is put into use, a loss, 
or increase, of moisture may occur in the stack in the interval, 
i.e., further seasoning may occur, or, if the timber was kiln- 
seasoned stock, it may become wetter. Little change is likely 
to take place in a period of 3 or 4 weeks if the timber is 
close piled and covered with a tarpatdiu, but if the timber is 
properly stacked and roofed over, some drying (down to 15 or 
16 per cent.) of partially seasoned stock may occur duruig such 
a period in the summer months. Little or no drying, even under 
the most favourable conditions, is likely to occur out-of-doors in 
winter. Timber of low moisture content will absorb n^pisture 
while awaiting fixing : up to about 15 to 16 per cent, in summer, 
and up to 16 to 20 per cent, in winter, if protected firom the 
weather, but if exposed to rain the figures quoted may be exceeded 
in a short space of time. 

VARIATION IN MOISTURE CONTENT 
OF GREEN TIMBER 

The amount of moisture in timber of living trees and newly 
felled logs is primarily a question of species ; in some it is only 
about 40 per cent., and in others it may exceed 200 per cent, of 
the dry weight. In Douglas fir, for example, the average moisture 
content of newly felled trees is about 40 per cent., but in the 
American chestnut it exceeds 120 per cent. In most species there 
is usually a marked difference in the moisture content of sapwood 
and beartwood ; particularly is this the case with softwoods. In 
long-leaf pitch pine, for example, the moisture content of the 
sapwood exceeds 100 per cent., and the heartwood ranges firom 
30 to 40 per cent. Moisture content may also vary with height 
in the tree : butt logs of sequoia and western red cedar often sink 
in water, although the upper logs float. In species with a marked 
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diffecenoe between the moistoie oontent of eapwood and heartwood 
the poeition may, however, be reversed, because the upper logs 
contain a higher percentage of sapwood of high moiBtore oontent. 

There is no evidence in support of the widely held opinion thdt 
timber felled in winter, when the sap is said to be *' down is 
drier than that felled in summer, when the sap is said to be “ up 
In fact, such evidence as is available suggests that there is either 
no difference, or the moisture oontent is, if anything, somewhat 
higher in the winter months. In Germany figures have been 
collected for birch, poplar, and oak, showing that the moisture 
content of these timbers was lower between June and February 
than between February and June, the Tnininmim occurring in 
Jime or July and the maximum in March, April, or June. 
Simil ar figures have been collected for several species in 
America, and in no case was the moisture oontent in winter 
found to be lower than that in summer. In the light of these 
figures the prejudice against summer felling cannot be sustained 
on the grounds usually advanced. There is some justification 
on scientific grounds, however, for preferring winter felling. 
Chief of these is the reduced activity of insects and fungi during 
the cool months, and the lower degrade in seasoning resulting 
from a slowing down of drying from the ends of logs. Moreover, 
the risk of damage to the bole is probably greater when felling 
heavy-crowned trees in full leaf. The prejudice no doubt arose, 
partly as a result of pra''tical experience, which showed that 
winter felling gave better results, and partly because of economic 
necessfiy : agricultural activities absorbed the population in 
the summer months and left them free for work in the woods 
during winter. 

VARIATION IN MOISTURE CONTENT 
OF SEASONED TIMBER 

Considerable variation in moisture content occurs in different 
pieces of so-called ** air-dry ” or “ seasoned ” timber. The 
moisture content at any given moment will depend on the 
atmospheric conditions to which the timber is exposed, the stage 
reached in the drying process, the dimensions of the piece, and 
tiie species. 

However prolonged the period, or favourable the conditions. 
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dzying does not oontinne indefinitely : a stage is zeadhed when 
there is no further interchange of moisture between the wood 
and air ; this may he referred to as a state of equilibrium. Any 
Subsequent change in temperature, or increase or decrease in 
moisture in the air, however, upsets this balance, and there is a 
further exchange of moisture until a new state of equilibrium is 
reached. This interchange occurs because tike amount of avail- 
able water is distributed between ur and wood in certain definite 
proportions when equilibrium conditions are established ; $.e., 
both air and wood have affinities for water, and mutual adjust- 
ment is made when both are subjected to stable conditions of 
temperature and available water supplies for a sufficiently long 
period. 

Much of the so-called “seasoned’' timber on the market 
today is little more than surface dry, and must be expected to 
shrink appreciably until it eventually comes into equilibrium 
with ordinary, atmospheric conditions. Timber in old houses 
and furniture, on the other hand, has already reached the equi- 
librium state and is, therefore, relatively stable. If, however, 
the atmospheric conditions are changed, as, for example, by the 
installation of central heating in a previously imit-heated house, 
the moisture equilibrium will be disturbed and noticeable move- 
ment will occur in the timber. A case is known of genuine Stuart 
pine panelling that had been in position for 300 years shrinking 
when re-ereoted in a centrally-heated room. More recently the 
installation of air-conditioning plants in buildings has intro- 
duced new seasoning problems, particularly in the tropics : if the 
moisture-equilibrium conditions are changed, and, in practice, 
they always are, shrinkage or swelling will occur in furniture, 
fittings, and joinery, previously in equilibrium with ordinary 
atmospheric conditions. In extreme circumstances, such as 
those prevailing in the tropics, the difference in the average 
equilibrium moisture contents of timber in ordinaiy and air- 
conditioned buildings may be as high as 5 per cent., e.g., from 
around 16 per cent, to as low as 10 per cent., and furniture, etc., 
that was previously stable is bound to shrink appreciably, and 
probably develop soious splits, under the new conditions. If 
Idln-seasoning facilities are available it is a simple mattw to dzy 
timber to any required moisture content, when, provided the 
wood is not exposed to higher mmstuze-eqidlibrium oonditicms 
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fw too long a period in the oonrse of manufacture, it will remain 
stable under the low moiature-eqnilibrinm conditions to whidi 
it was kfln-dried. If timber below arinospheric moisture-equi' 
librium conditions is required, and kiln-drying facilities are ilbl 
aTuilable, the conditioned chamber in which the timber is to be 
instdled should be used as a kiln. Before the wood required for 
furniture, fittings, and interior finish for the conditioned room 



Fio. 18 — Curves showing equilibnum moisture contents for different 
relative humidities at 25^, 40°, and 70" Centigrade 

Sy eouirteiv of the IHreetor, F P It L, Prtnen Putborvu^h 

is made up, it should be thoroughly air-dried and then re-stacked 
in the conditioned chamber, with the plant running, until the 
required low equilibrium moisture-content conditions are obtained, 
when shrinkage and splitting after manufacture will be avoided. 

The moisture content of air-seasoued timber, at any given 
temperature and in equilibrium with its surroundings, bears a 
direct relation to the relative humidity of the atmosphere. 
Atmospheric air normally contains some water vapour : for 
every temperature there is a definite maximum amount of 
water vapour that air can hold. When the maximum amount 
is reached the air is said to be saturated. The relative humidity 
of the air is the actual amount of water vapour present at any 
time, expressed as a percentage of the maximum possible for that 
temperature. The curves in lig. 18 show the relation between 
tile moisture cemtent of wood and the relative humidify of air 
during drying, at three difierent temperatures. From these 
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onrves the moisttiie content of timber in eqnililnrinm with its 
Burronnduigs can be road for any particular relatiTe hnmidity, 
at temperatures of 25°, 40°, and 70° C. Separate ourres for any 
oiSier temperatures could be constructed; th^ would foUow 
similar trends to those illustrated. The curves illustrated are 
average figures for several timbers. The curves for one timber, 
at these and other temperatures, although following the same 
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Fio. 19 — Graph qhoMing variation in tho moisture content of tallow 
nvood and Baltic deal, «.s , European redwood 

JBy courtety of M B Wekh, Eoq , and reprodi redftom 
tho Joum Boyal hoe of Now houth walei 


general trend, would not be absolutely identical, because the 
equilibrium moisture contents of different timbers for any given 
set of atmospheric conditions are not the same. For example, 
the equilibrium moisture content of teak exposed to air at 40° C. 
and 70 per cent, relative humidity is just under 11 per cent., 
whereas oak exposed to the same temperature/humidity condi- 
tions would reach equilibrium at a little over 14 per cent moisture 
content. These two timbers provide examples of the extreme 
range in equilibrium moisture contents, probably with many 
more timbers approaching the figures for oak, rather than those 
for teak. In effect, teak, and other similar timbers, are less 
hygroscopic than most woods, which ei^lains their greater 
stability in use. 

The drying curves discussed in the previous paragraph do 
not represent the position when the process is zeveraed, and 
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diy wood 18 gauiing moisture from tbe atmosphere. Id such 
oironmstanoes the actual moisture content, when a new state of 
equilibrium is reached, is very slightly lower than would be the 
case if the timber had not previously been dried below this lev^i. 

A study of the variation in moisture content of seasoned 
timber with changes in the relative humidity over a period of 
fifteen months was made in Australia several years ago. Twenty- 
six examples, of eleven species, were selected for this purpose. 
The variations were found to agree dosely in the different samples, 
although the actual equilibrium moisture contents for each species 
were different. Fig. 19 illustrates the amount of variation ob- 
served in two timbers over the period, and it is well to remember 
that variations of this order occur in seasoned timber in service 
in every locality. 

Similar studies wore made by the officers of the Seasoning 
Section of the Forest Products Eesearch Laboratory, Princes 
Hisborough, before the last war, and repeated subsequently to 
ascertain whether the restiicted use of fuel today is influencing 
eqmlibrium moisture contents of timber in service. Test pieces 
of oak and Scots pine were used for the investigation, and were 
exposed in different rooms of four houses at Princes Bisborough, 
and in a centrally-heated office at the laboratoiy. As is to be 
expected, maximum moisture contents occurred in the winter 
months in samples exposed in houses not centrally heated, and 
minimum moisture contei ts m the summer months, whereas in 
the centrally-heated office the periods of maximum and TuiniTnuTin 
moisture contents were reversed ; Plate 39 illustrates the seasonal 
moisture content readings obtained from these investigations. It 
will be seen that the differences in moisture content at different 
periods were appreciable, and, further, that the changes in 
moisture content were not haphazard, but followed a remark- 
ably similar pattern in all the experiments, irrespective of species 
of timber used or the precise locality where the samples were 
exposed, showing that prevailing atmospheric conditions were 
the over-riding factor in determining moisture movements. The 
figures for the oak samples were consistently about } per cent, 
higher than those for Soots pine in identical circumstances. 

Shrinkage and swelling result, of course, ficom changes in 
moistute content, but subsequent movement is minimised by 
selecting in the first place material of a moisture content midway 
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in the range to be expected in service. A sraies of standards for 
different purposes, which it is recommended should be adopted 
in this country, has been worked out at the Forest ]hx>duct8 
llcisearch Laboratory, Princes Ruborough (Tables II and III. 
This is also shown diagrammatically in Fig. 22). 


TABLE n 

MoiTreaS- CONTENT SVECmCATIONS irOB CONSTBUCnONAL 
TXUBEBS IN ObEAT BbITAI^ * 


Timber for 

MoiKture content 
not to exceed 

Coneral carpenter’s work . • • • • 

Per cent. 

25 

High'Clobs carpe^nter’s work • . . . 

20 

General joinery work .... 

15 

Best joinery, block and strip flooring, panelling, \ | 

1 9 to 12* 

and decorative work j 

10 to 14t 


* For cpntrally-hrated roomi and buildinini. 
t For rooms and buildings not centrally hpati*d. 


Similar iSguros to suit American conditions have been issued 
by the U.S. Department of Agriculture. For interior-finish wood- 
work in dwellings in most parts of the United States a moisture 
content of 5 to 10 per cent, is recommended, but in the damp 


TABLE m 

Moisture •CONTENT spectticationb fob fdrniturb 
TIMBERS IN Great Britain* 


Timber 

Bn\lronment 

Average 

oondltioiu 



Office 

Oak (American while) 

Mahogany (Cent. Aiaencan) 

Scots pine .... 

Per ernt 

13*6 

128 

12-2 

Per ctnt 
12-8 
12-0 
11*3 

Per cent 

12-5 

11-8 

11-2 

Percent. 

13 

12-3 

11-5 


southern coastal regions a range of 8 to 13 per cent, is suggested, 
and in the dry southern regions 4 to 9 per cent. For exterior 
sheeting, framing, siding, and exterior trim, the o(»responding 
figures are 9 to 12 per cent, in the first two regions and 7 to 12 
per cent, in the third. 

* Fignm from Beport of tfao F.P.R. Board for the yaar 1930, bjr oonrteqr at 
the Direotor, F.P.B.I 1 ,, PrinoM Biabotoiigh. 

* Figorw from Tht inoiMuft eontent wood wUh opookd rtf omwo to Jwndtmo 
ntemt^ootmo, BuU. No. d, 1939, by oouiteajr of the IMreotor, F.P.B.L., Prinoea 
Biaboroosh. 
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ta tiie United Ejngdom, Mid most regions of the United 
States, thozonj^yair-diy timber, seasoned nnder the most fiiTonr- 
able conditions, contains IS to 18 per cent, of moisture ; in the 
more humid tropics, e.g., Malaya, 14 to 18 per cent. ; and in hbt 
arid regions 8 to 12 per cent, or even less. 

The rapidity vrith which adjustments to changes in the relative 
humidity of tl» atmosphere occur depends on the dimensions of 
the timber and on the difference between the initial, and equi- 
librium, moisture contents of wood. The adjustment is more 
rapid when the difference is large, and becomes extremely slow 
as equilibrium conditions are approached. But for this, move- 
ment in timber would be greater and more frequent than it is. 

The equilibrium moisture contents cited in the tables are 
mean figures for timber in inhabited buildings, and a deviation 
of db 2 per cent, from these figures in individual pieces would be 
unlikely to have serious practical consequences. Special pre- 
cautions, however, are necessary when installing wood-work in 
new buildings ; it is not sufficient merely to select timber of the 
correct moisture content for subsequent conditions. Immediately 
on completion, the relative humidity of the air in new buildings 
is likely to be abnormally high, and timber in equilibrium with 
such atmospheric conditions would reach equilibrium at a moisture 
content of between 16 and 20 per cent., according to the season. 
If joinery and finishings of 10 to 12 per cent, moisture content 
are installed in these circuiusiances some swelling, which might 
give rise to buckling, is to be expected. On the other hand, it 
would not do to use timber of 16 to 20 per cent, moisture content, 
because appreciable shriokage would occur later. Two alternative 
courses are to be recommended . either temporary heating should 
be installed, and the building dried out before the joinery and 
firushings are fixed, or fixing should be delayed for three to six 
months to give the building a reasonable opportunity of drying 
out on its own accord. The risk of introducing compression set in 
timber dried to the correct final moisture content before fixing 
must not be overlooked (see pages 93 and 94). 

The practice of baking buildings in the early days of occupation 
is thoroughly unsound, and may result in considerable damage 
to the timber, because even tiie most caiefully seasoned and 
fitted joinery will shrink and distort if suddenly exposed to much 
drier conditions than those for which it was prepared. The proper 
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course is to employ no more heat than is necessary for occupalional 
use, and this applies both before and after the joinery is fixed. 
Pre-baking is likely to give trouble with the carcassing timber and 
lath-plaster work. 

Size, density, species, and initial moisture content of the 
timber, and rate of air circulation and its temperature, are, then, 
the factors that influence the rate of adjustment of the moisture 
in wood to the relative humidity of air. It ^ay also be mentioned 
that flat-sawn material will lose moisture more rapidly than 
quarter-sawn, and sapwood more rapidly than heartwood. 

FACTORS AFFECTING THE HYGROSCOPICITY 

OF WOOD 

We have seen that the hygroscopic nature of wood is re- 
qmnsible for causing variations in moisture content of timber 
follow changes in tho relative humidity of the atmosphere 
Further it has been mentioned that hygroscopicity cannot be 



Percent relative humtditv 


Fia, 20. — Cuives showing efiect of boiling and steaming on the hygroscopicity of 
wood U=.untreat^, U^=rthe same, but absorbing moisture from the dry 
conditions; S= steamed, steamed wood absoromg moisture from the 

dry state; Bs- boiled, B^=- boiled wood absorbmg moisture from the dry 
state ^ 

By eourUiy qf Me Ihreelar, FJ^ R L , Mseei RiUborQitgh 

eliminated : it can, however, be permanently reduced by certain 
treatments. A permanent reduction in the hygroscopic propmties 
of wood is effected by high-temporatnre treatments, steaming, 
boiling, and certain diemical means. The higher the temperature. 



OB. VI 


THE HOISTT7BE IN WOOD 


105 


and the longer it is maintained, the more is hygrosoopicity reduced, 
but too severe treatments may damage the timber. Boiliiig and 
steaming act similarly, as may be seen from the curves in Fig. 20. 
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Fio. 21. — Relative efioctivonees of protective coatings against moisture absorp- 
tion by dry wood exposed to a saturated atmosphere for 17 days* 

1. Untreated wood. 12. Filler and 3 coats of shoUac and 

2. Five coats linseed oil, 2 coats wax. alumiiiiiim powder. 

3. Impregnation with parafiii. and 13. Five coats of bakelite plus 6 coats 

gasoline (vacuum and pressure). of varnish. 

4. Cellulose varnish (vacuum and 14. Metal leaf coatings; filler and 

pressure). shellac or varnish under-ooat and 

5. Three coats of cellulose varnish. vamish size and alummium leaf 

6. Filler and 3 coats spar vamish. and 2 coats of vamish shellac or 

(Poorest of 43 tested.) enamel (average of all typos). 

7. Filler and 3 coats of spar vamish. 15. Ditto (best t3rpe). 

(Best of 43 tested.) 16. Sprayed with cemper or aluminium 

8. Filler and 2 coats of enamel (red- ond 3 coats ot vamish. 

lead pimnent) plus vamish. 17. Electroplatod with copper. 

0. Filler and 2 coats of enamel (white- 18. Filler and 3 coata, brushed. ( Aver- 
lead pigment) plus vamish. age of 7 varnishes.) 

10. Filler and 3 coats commercial lb. Filler and 3 coats, dipped. (Aver* 

enamel (average of 11 brands). age of the same 7 varnishes.) 

11. Filler and 3 coats commercial 20. Filler and 2 brush coats. 

enamel (best brand). 21. Filler and 6 brush coats. 

22. Filler and 12 brush coats. 

* Vrom A. koehler, TAs pr9pertU$ and utea ofvfood, by oourtesy of the author. 

The -solid lines are drying curves for untreated wood, and the 
dotted ones are those for timber that has been either steamed or 
boiled. Boiling will be seen to be more effective than steaming. 
It is not known how the hygros^pic properties are permanently 
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altered by the boiling and steaming, and, in practioe, it does 
not mattw whether there is an actual reduction so long as subse- 
quent movement is reduced. Paints, varnishes, and linseed oil, 
fo^ example, are effective because they reduce the rate at which 
moisture can be absorbed by timber : as a result of their semi- 
permeable nature they offer resistance to the exchange of moistoie 
between the air and wood. Fig. 21 illustrates the relative effective- 
ness of several different protective coating^. It will be seen that 
the selection of a suitable paint or varnish is an important matter, 
and can be very effective in reducing movement in timber. Of 
several different protective coatings tried, aluminium leaf, between 
a filler and shellac under-coat and two coats of varnish or enamel, 
was the most efficient. Varnishes, enamels, and paints containing 
aluminium powder, were less effective, but considerably more 
efficient than ordinary paints ; and linseed oil, and wax had little 
effect at all. Protective coatings in no way change the hygroscopic 
properties of wood. 

Two other methods of controlling movement in wood have 
been attempted, namely the introduction of hygroscopic sufaStances 
to change the equilibrium moisture content, and the introduction 
of materials to occupy the space that would normally be held by 
the sorbed moisture. It will bo realized that the first method 
naturally involved the second in some degree. Creosote and hot 
paraffin have been found to reduce hygroscopicity, and claims 
have been advanced that ozone and ammonia reduce shrinkage, 
but the effectiveness of the former has been questioned. Some 
substances caustic soda) increase hygroscopicity. 

The substances most commonly used in moisture conirol in 
the past have been common salt, and sugar (Powell process). 
These are supposed to act partly by replacing the sorbed moisture, 
and partly by their influence on hygroscopicity. If it were pos- 
sible to introduce sufficient quantities of such materials into 
wood, shrinkage (or working) would be eliminated ; such heavy 
imjiregnations would, however, make the treated timber damp 
and unpleasant, and they would be difficult and expensive to 
achieve. 

None of the methods for permanently reducing tiie hygro- 
scopic properties of wood — as opposed to interposing a semi- 
impervious barrier between wood and the surrounding stmo- 
q>here-~ discussed in the forcing paragraphs can be regarded 
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Fio. 22. — ^Moisture content of timber for different pi 
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as effective commercial methods for reducing shrinkage, and 
subsequent movmnent of wood, to negligible proportions. More 
roceniiy, the effectiveness of vnvprt/puaii'ng wood with waxes 
or with eynthetio resins has been investigated. Waxes are 
effective in reducing shrinking and swelling over short periods, 
and they impart some other desirable properties to the wood, 
but they do not confer immunity firom movement in wood exposed 
to moisture over long periods. Imjnegnation with resins appears 
to reduce h 3 rgro 8 copicity permanently, the resin entering the fine 
structure of the cell wall, being fixed there by polymerization 
under temperature. Pol 3 rmerization is a chemical process by 
which molecules of certain organic compounds are induced to 
unite to form giant molecules. Modem plastics are examples 
of polymers. Impregnation with resin to the extent of 20 per 
cent, of the dry weight of the wood has been found to reduce 
hygrosoopicity, as measured by subsequent shrinkage and swell- 
ing, by 50 to 76 per cent. Certain other properties are also 
enhanced, e.^., side hsurdnoss, measured by resistance to indenta- 
tion, has been increased by 60 per cent , and moisture trfiisfasion 
has been reduced to 10 per cent, of that of untreated wood. 
Moisture transfusion is a convenient term for describing the 
property of absorbing moisture and transmitting moisture. A 
low value for moisture transfusion is indicative of suitable 
materials for use as moisture barriers : untreated wood is not 
suitable, but wood impregnated with synthetic resins is. The 
use of synthetic resins in this connection may be said to be still in 
the experimental stage, but some commercial processes have been 
patented. The scope of such treatments is very extensive, and 
their present relatively high cost should not discourage their 
full investigation. A development firom mild treatments is the 
use of synthetic-resin products, with very high pressures, to 
give the so-called compressed wood that found spedal uses 
under war-time conditions. With such treatments the properties 
of the resultant material are very different firom normal wood, 
or even lightly treated timber. Hardness and strength properties, 
for example, are enormously increased ; in fact, an entirely new 
product results that cannot be oompared on any basis with 
natural wood, but the amount of chemicals used and the cost 
of the treatment are naturally very high. 

The officers the Wood Freswvalion Section of the Forast 
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Produota Reaeaioh Laboratoiy, Princes Bisborongh, have ex* 
perimented with the impregnation of wood with various natural 
oils and resins, in an endeavour to find cheaper products than 
the synthetic resins for modifying the hygroscopic properties Of 
wood.^ A treatment that has been developed ficom this work 
consists of impr^nating wood with a solution of rosin in parafiin 
wax. Such impregnated wood was found to machine remarkably 
wdl, and the rate of moisture absorption was reduced, thereby 
tending to stabilize the dimensions of the treated wood. The 
method lends itself to ordinary commercial pressure-impr^nation 
processes, whereby heavy impr^nations can be obtained with 
such permeable woods as beech, hornbeam, lime, sycamore, and 
alder. Even rosin in parafiin wax is not particularly cheap when 
heavy impregnations are used, since, at 6d. per lb., a timber 
such as beech can take up as much as 128. 6d. per cubic foot of 
these ingredients, but, for certain special uses of wood, the 
process is thought to have commercial possibilities. 



CHAPTER VII 


THE DENSITY OF WOOD 

In Part II we discussed certain characters of wood, visible to 
the naked eye, that in some measure determine its usefulness and 
that are a guide to identification. In this chapter we will consider 
another character, namely the weight, which is the best single 
Griterion of the strength of wood. It is usual to speak of the 
weight of wood in terms of a standard volume and this figure is 
called the density. In this country the density of wood is ex- 
pressed in pounds per cubic foot, and, on the continent, in grams 
per cubic centimetre. 

DETERMINATION OP DENSITY 

Density is defined as the mass of unit volume, and is there- 
fore obtained by dividing the weight by the volume. The weight 
is determined on a balance or pair of scales, to an accuracy 
depending on the purpose for which the determination is required. 
For most practical uses an accuracy of 2 per cent., f.e., } ounce 
in the pound, is adequate. There are several ways of determining 
the volume. The simplest is a calculation based on the direct 
measurement of length, width, and thickness, of a squared 
sample. It is recommended that the block should be not less 
than 3x2x1 in. For smaller blocks, and those of irregular 
shape, the following procedure is more suitable. A beaker of 
water is placed on the pan or balance and counterbalanced by 
sand or weights. Then the test block, suspended by a needle 
clamped in a stand, is lowered into the beaker and completely 
immersed in the water ; arrangements are made so that this 
can be done without any of the water running over, and so that 
when the block is immersed it is not in contact with the sides 
or bottom of the beaker. Weights are then added to the opposite 
pan until equilibrium is restored : the weights in grams added 
to restore balance are equal to the volume of the test block in 
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eal»o oentimetres. It is, of oonise, neoeesaxy to pay regard to 
the mitw in which measurements ace made. If the weight of the 
block is in ounces the volume will be required in cubic feet. This 
can be arrived at from the immmeion method if the weights added 
to restore balance are English units instead of grams, and a correc- 
tion factor is used. The added weight, in ounces, multiplied by 
0*001 gives the volume of the sample in cubic feet. As wood is a 
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porous substance it is necessary to coat the test block with an 
impervious material, such as parsf&n wax, before immersion, 
unless the wood is still “ green The block is dipped in a bath 
of melted wax and quickly removed, and when the coating has 
set the surplus wax is scraped off. 

The density is found by substitution in the formulae : 

Weight of block in grams 

' ' Weight in finis' added to restore balance 

Weight of block in lb. 

^ ' Weight in ounces added to restme balance x 0*001* 

In (I) the density is obtained in grams per cubic centimetre and 
in (U) in pounds per cubic foot. . 
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In jnactioe, it will often be simpler to use tbe metric system 
for the actual density determination, and to convert this figure 
to pounds per cubic foot by means of a conversion factor or 
graph (Fig. 23). In effect, the Qwdfie gravity is determined, and 
the density is calculated from it. The specific gravity of a sub- 
stance is merely the relative density of that substance in com- 
parison with a standard density : usually that of pure water in 
grams per cubic centimetre. Water is a particularly useful 
standard because the weight of one cubic centimetre is one 
gram. In consequence, provided the weight of any given volume 
of water is known, the weight (or density) of the same volume of 
all other substances can be calculated from their specific gravities. 
For example, the weight of a cubic foot of water is 62*4 pounds, 
BO that if we know the specific gravity of any wood, and multiply 
the figure by 62*4, we obtain its density in pounds per cubic foot. 


VARIATION IN DENSITY OF WOOD 

A piece of perfectly dry wood is composed of the solidenaterial 
of the cell walls, and the coll cavities, which contain air and small 
quantities of gum and other substances. The specific gravity, or 
relative density, of the solid material of the walls has been found to 
be similar in all timbers, and is in the neighbourhood of 1*5 ; that 
is to say, the cell walls are about one and a half times as heavy as 
water, and a cubic foot of solid wood, without cell cavities and 
intercellular spaces, would weigh roughly 94 pounds. Different 
timbers, however, vary in weight from about 3, to as much as 83, 
pounds per cubic foot. This variation is caused by differences in 
the ratio of cell wall to air space in different timbers, and to 
the amount of water in the test piece at the time the density 
was determined ; if it were possible to oomptess absolutely dry 
wood into a solid mass the maximum variation in density of 
different samples of all woods would probably not exceed 4 
per cent. 

Besides the range in density occurring in timbetB of different 
species, there is a considerable variation in density between 
different samples of the same species, and containing the same 
amount of water, expressed as a percentage of the dry weight 
of wood in the sample (Figs. 24 and 26). This variation occurs 
between the timber of different trees, and in timber from different 
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parts of one tree. In the former, variation follows no particular 
pattern, but is influenced by such factors as rate of growth, site 
conditions, and probably other growth factors as yet not fiiUy 

HOMBO R OWN TrWBWS • 



Fiq. 24.— Mean weighto and tango in weighta per cubic foot oi home-grown timbers 

By fourtthy of tM Dwetof, FPRl, 2*Ttnee» Ruborongh 

investigated. Variation in density \kithui a tree is by no means 
haphazard. 

As a general rule the heaviest wood is found at the base of the 
tree, and there is a gradual decrease in density in samples from 
successively higher levels m the trunk. At any given height in the 
trunk there is usually a decrease in density from the pith to the 
outside of the tr >e in ring-porous hardwoods, but in softwoods 
the position is reversed, and the heaviest wood is usually found 
near the outside. In diffuse-porous woods, however, in passing 
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from the pith to the onteide of the tree there is at first a slight 
increase and then a gradual decrease in density. 

THE PRACTICAL SIGNIFICANCE OF DENSITY 

The density of wood is of practical interest beoanse it is th«> 
best single criterion of strength. This generalization, however, 
requires qualification. Density is of limited value in determining 
the strength properties of individual pieces of wood, because of 
the influence of other factors discussed in moi^e detail in Chapter 
VTII. It is useful for indicating the lower limit for a species, below 
which a specimen will invariably be weak, compared with average 
material of that species. A relationship exists between specific 
gravity and strength beoanse these properties depend to a greater 
or lesser extent on the thickness of the walls of individual cells, and 
on the proportions of the different kinds of tissue in each piece of 
wood. If the cell walls ace thicker in one sample than they ore in 
another the ratio of wood substance to cell cavity will bo greater 
and, in oonseouence, the specific gravity will be higher. The 
proportions of the different kinds of tissue ore imiwrtant because 
fibres, for example, have thicker walls than porench^ ma cells, and 
if the proportion of fibres is greater in one sample than it is in 
another, the specific gravity will be higher. 

Two other factors modify the importance of specific gravity 
as a criterion of strength , namely the arrangement of the indi- 
vidual cells, and the physico-chemical composition of the cell 
walls. If, for example, the parei> ;hyma is distributed in broad 
layers these may conotitute planes of weakness along which the 
timber will shear, despite a relatively high density for the sample 
as a whole. It has now been established that the physico-chemical 
composition of the cell wall is the major influence in determining 
the strength properties of individual pieces of wood ; in particular, 
the degree of lignification of the ct'^ walls has a direct bearing on 
most strength properties. For example, tests have indicated that, 
for timbers of equal density and moisture content, tropical species 
ore less resistant to shock, but are stronger in compression parallel 
to the grain, than timbers fixim temperate regions. This con be 
explained by Oiderences in the chemical composition of the cell 
walls, in particular, a higher lignin content in the cell walls of 
tropical species. * 



CHAPTER VIII 


THE STRENGTH PROPERTIES OF WOOD 
DEFINITIONS 

It requires no special knowledge to appreciate that the strength 
of a timber has an important bearing on suitability for a particular 
purpose. A timber for beams, posts, or struts, in buildings should 
possess different qualities from one required for spokes, hubs, or 
axles, of carts ; timbers for sports goods and tool handles W'ould 
not necessarily make good chopping blocks or bearings for 
machinery, and so on. 

The term strength applied to a material such as wood refers 
to the ability of the material to resist external forces or loads 
tending to change its size and alter its shape The effect of 
applying external loads to a body is to induce internal forces 
within the body that resist changes in size and alterations in shape. 
These forces are called stresses ; they are expressed in pounds 
per square foot or grams per square centimetre The changes 
in size or shape are known as deformations or strains. If the load 
is small the deformation is small, and when the load is removed 
there is a complete or partial recovery to the original size and 
shape, depending on the elasticity of the material. Up to a point 
the deformation or strain is proportional to the load ; this point 
is called the limit of proportionality. Beyond this limit the 
deformation increases more rapidly than the load. The point 
beyond which it is impossible to increase the load without 
establishing a permanent change in shape, or permanent set, is 
called the elastic limit. As wood is not a perfectly elastic material 
it is more usual to determine the load at the limit of proportionality 
rather than at the elastic limit. If the load applied exceeds the 
forces of cohesion between the tissues a rupture or failure occurs. 
The load required to cause such failure is called a TnaxiTmim load, 
e.0r., fibre stress at maximum load is the greatest resisting stress or 
stress the fibres are able to exert before failure. 

It is important to appreciate that the word strength has little 

lie 
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meaning unless qualiSed in some way ; wood has several types 
of strength, and a timber strong in one respect may be com- 
paratively weak in another. Different strength properties are 
called into play, for example, in resisting a compressive stAss 
tending to crush a timber, a tensile stress tending to elongate it, 
or a shearing stress tending to cause one portion to slide over 
the remainder. In practice, timber is fioquently subjected to a 
combination of these stresses acting together, although one 
usually predominates. The ability to bend fieely and regain 
normal shape is known as flexibility, and the ability to resist 
b mding is called stiffness. The modulus of elasticity is a measure 
of the relation between stress and strain within the limit of 
proportionality, providing a convenient figi're for expressing the 
stiffness or flexibility of a timber : the greater the modulus of 
elasticity the stiffer the timber, and, conversely, the lower the 
modulus of elasticity the more flexible it is. For each ty]>e of 
etress there is a i»c)>araie modulus of elasticity. The term brittle 
is used to describe the property of suffering little deformation 
without breaking, whether the load necessary to cause deformation 
is large or small. It may be observed that brittleness does not 
ne<ev>drily imply weakness. For example, both oast iron and 
chalk are brittle substances, although the loads required to cause 
them to fail are very different. 

Toughness is a property that is often used vaguely, some- 
times referring to the diiliculty or otherwise of splitting, t.e., 
flssibility , sometimes to high resistance to sudden loads, t.e., 
shock-resisting ability ; and homi imos to the typo of fracture 
occurring on failure, i.f , a si ringy xiracturo os in flexible timbers, 
as opposed to a clean break characteristic of brittle woods. In 
timber-testing laboratories three separate criteria in combination 
have been used to give a measure of toughness in wood. These 
are : shock-resisting ability, measured by the height of drop of 
a hammer ; work done to maxim<.'m load, which is a measure 
of the capacity of a substance to store a considerable amount 
of enei^ before failure ; and total wmk in bending, which 
provides an estimate of the ability of a substance to sustiun a 
considerable load after the maximum load has been reached. 
Throughout this chapter toughness is used in the restricted sense, 
and refers to the ability of a wood to endure suddenly applied 
loads, exceeding the limit of proportionality. Authorities are 
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not agreed as to what test data are the best indication of tough- 
ness. Koehler ^ favours figures for work to maximum load in 
the static bending test, but the Timber Mechanics Section, Forest 
Fi/)dact8 Research Laboratory, Princes Risborough, has devised 
a separate tost (see page 126) that gives values fairly closely 
related to those from the Izod test, and those obtained from 
the height of drop of a 50 lb. hammer. 

Hardness, like toughness, may have n^re than one meaning. 
It may be used to describe resistance to cutting, which is infiuenoed 
by such factors as deposits of silica in the storage tissue and inter- 
locking of the fibres ; or it may be used with reference to resistance 
to abrasion or resistance to indentation. The last two properties 
are inter-related, but only resistance to indentation is easy to 
measure by standard, readily duplicated, methods. The data 
obtained ^m indentation tests have a purely comparative 
significance, but so long as this is understood the data serve a 
practical purpose in certain circumstances. 

ASSESSMENT OF STRENGTH PROPERTIES 

Much empirical knowledge exists regarding the strength pro- 
perties of a few timbers. For example, the outstanding qualities 
of oak as a structural timber, the toughness of ash, and the hard- 
ness of holly are well loiown, and similar information is available 
regarding some of the more common timbers in other countries. 
An accurate comparison of timbers of different countries, how- 
ever, can only be made by evaluating their strength properties 
under standud conditions. The evaluations are based on the 
measurement of stresses and strains. A stress is expressed in 
terms of load and sectional area, e^g., in pounds per square inch 
or per square foot, or simply 

l oad 

sectional area 

and a strmn in linear units in relation to the length of the object 
undergoing strain, or 

deform ation 
original length' 

Before the foundation of modem timber research laboratories, 

* Koehler, A. « Oower tf hrathneu in wood. U.S. Agrio. Teeb. Bull 
Ko. 348. less. 
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available data for the strength properties of wood were more or 
leas confined to figures for the few timbers with established 
reputations in their own countries. The methods used for evalu- 
ating such data wore by no means standardized, and the small 
amount of timber test^ was inadequate to cover the normal 
variation met with in different pieces of the same wood. Inoreac • 
ing knowledge of alternative structural materials to wood, and 
the arrival of several new timbers on the market, created a need 
for compmative and accurate figures for the strength properties 
of woods. This led to the establishment of timber-testing 
laboratories at several centres, and the special demands of the 
1914-18 war years saw these laboratories stabilized into per- 
manent Government institutions. Tjaboratories arc situated at 
Princes Bisborough, England : Ottawa, Montreal, and Van- 
couver, Canada ; Madison, U.S.A. ; Melbourne, Australia ; Dehra 
T)nn, India ; and Kentul, Malaya. 


METHODS OF DETERM [N1 NO THE STRENGTH 
PROPERTIES OF WOOD 

Two alternative methods of detennining the strength pro- 
perties of wood are available : serviee tests and laboratory experi- 
ments. Service tests have the advantage that they ore carried 
out under the conditions to which timber is exposed in use, and 
such conditions, however nearly imitated, cannot be exactly 
reproduced in the laboratory. On the other hand, the data 
take much longer to collect, external factors likely to influence 
strength properties are more difficult to control, and the de- 
centralization of the experiments increases their cost. In the 
circumstances, laboratory tests provide a practical solution. In 
the laboratory two classes of tests arc made . tests on small, 
clear specimens, and tests on timber in structural sizes. The 
former are of value for comparati« o purposes, and they provide 
an indication of the different strength properties of individual 
timbers. Since the tests ore designed to avoid the influence of 
knots and other defects the results do not indicate the actual 
loads that Btra«*tural members can carry, and a reduction factor 
must be applied to obtain safe working stresses. Tests on timber 
of structured size more nearly reproduce service conditions, and 
they ore of peuticulor value because they allow for defects such 
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88 knots and splits. They have the disadvantage of being costly, 
because of the large amount of timber required, and the length 
of time needed to load larger-sized test “ pieces “ to the point of 
failure. Moreover, the personal factor is of more importance in 
the selection of test material in large sizes of uniform quality, 
compared with small-sized pieces. 

The procedure for tests on small, clear specimens has been 
standardized. As the strength propertfes of wood are greatly 
influenced by its moisture content (see page 134), tests ate made 
separately on green material, ».e., iieshly-felled timber, and on 
material dried to a standard moistnre content ; usually 1 2 per 
cent, moisture content, the timber being brought to this moisture 
content in special conditioning chambers, or the tests are made 
on air-dry material of known moisture content and the strength 
figures obtained are corrected to the standard moisture content 
Precautions ore taken to eliminate certain other factors liable to 
cause variation in strength properties. For example, the size of 
test pieces has been standardized, and, since it has beqp shown 
that the ultimate strength properties of a piece of wood are 
affected by the rate of strain, all test specimens in each test are 
loaded at a fixed and constant rate. For a full-scale test it has 
become usual to select material from five healthy trees of merchant- 
able size, and characteristic of the average in the locality, to allow 
for variation in different pieces of wood of the same species. If 
the timber is of sufficient importance, full-scale tests are made on 
consignments firom more than one locality, involving the testing 
of material from ten, fifteen, or more trees. 

Tests on small, clear specimens of many different timbers 
have now been carried out, and, in spite of the limitations of the 
data obtained, the tests are of considerable practical importance : 
the published figures for different timbers are strictly comparable 
because the method of testing has been standardized, and the figures 
themselves can be used in calculations of safe working stresses 
because appropriate correciaon factors have also been determined. 
The usual tests, and t^eir practical application, are desmbed below. 

DESCRIPTION OF THE TESTS 

Compressive streng^. — ^Plate 40, fig. 1 illustrates the 
apparatus used for testing compressive strength perpendicular 
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to the grain. The test pieces are 6 in. in length along the grain, 
and 2 in. square in section, 'with two radial surfaces. The load 
is applied to one of the radial surfaces through a plate 2 in. 
wide, placed centrally 'with the length of the test piece, com- 
pressing the latter O'ver an area of 2 in. square. Beadings of 
deflection and load are taken simultaneously. The stress 
computed is the fi.hro stress at the limit of proportionality ; it is 
calculated by dividing the load in pounds, over the bearing 
surface in square inches. The data from tests of compressive 
strength perpendicular to the grain are of the same order as those 
obtained firom indentation tests used for assessing hardness (see 
page 127). High values for resistance to crushing in compression 
perpendicular to the grain are indicative of woods suitable for 
use as sleepers, rollers, wedges, bearing blocks, bolted timbers, 
and other similar purposes. 

Plate 40, fig. 2 illustrates the apparatus used for making 
tests in compression parallel with the groin. The test pieces 
are 8 in. in length along the grain, and 2 in. square in section. 
The test piece is placed on end on the flat surface of a hemi- 
spherical bearing, and the load is applied through a plate acting 
on the full sectional area of the test piece, ana parallel to the 
grain of the wood. The tost piece is strained in compression at 
a uniform speed of 0*024 in. per minute until complete failure 
occurs ; deformation, at regular increments of load, is measured 
in about 20 per cent, of the specimens, and the maximum load 
at the pouit of final fail:<re in all specimens. The calculations 
made, in pounds per square inch, are (a) the maximum crashing 
strength, (b) fibre stress at the limit of proportionality, and 

(c) modulus of elasticity ; ^ and, in inch-pounds per cubic inch, 

(d) the elastic resilience, or work to elastic limit.* 

High strength in compression parallel with the grain is 
required of timber used as columns, props, posts, and spokes 
As a rule such members have a relatively great length in com- 
parison with their sectional area, and, in consequence, they are 
likely to fail in bending before the full crashing force is applied. 

^ Load at limit of proportionality x onpinaljength 
Area of cross section in square inches x total shoztening at* 
the limit of proportionality 

* Load at limit of proportionality x total shortening at 

the hmit of pro port ionality 

Twice the volume of the test sample in cubic inches* 
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To avoid this difficulty in mechanical tests the samples are of 
relatively large cross-sectional area for their length. Plate 42, 
1 illustrates the types of failure that occur in standard-size 
test specimens subjected to a compressive stress parallel with the 
grain. Figures from this test are probably the best single criterion 
of the strength properties of a timber. 

Shearing strength. — Plate 41 illustrates the test piece and 
apparatus used for determining shearing strength parallel with 
the grain. The test is arranged so that the shearing stress acts 
radially in half the test pieces and tangentially in the remainder. 
The load is applied to the top surface of the test piece and 
shears the specimen in two. The projjcrty measured is the load 
at complete failure, t.e., the total load required to shear the 
specimen in two. Strength in shear perpendicular to the grain 
is not measured because timber would fail from other causes 
before the maximum load could be applied. 

Tensile strength. — Plate 42, fig. 2 illustrates the test sample 
and apparatus formerly used in making tests of tensile strength 
perpendicular to the grain. The stress measured was that 
required to pull the specimen in two, and was calculated as 
follows : — ^maximum load in pounds to produce failure, divided 
by the minimum sectional area over vhich the force is acting, 
measured in square inches. Strength in tension parallel with 
the grain was usually not determined, because, although wood is 
strongest in this property, there are difficulties in the way of making 
the tests, and, in practice, timber would fail from other causes first. 

A practical ap])lication of tensile stresses is in tie beams 
loaded from above : failure occurs through bonding, which tends 
to elongate the fibres on the under side of the beam while com- 
pressing those in the upper layers. High tensile strength is also 
of special value in timber subjected to steam bending. The type 
of failure that occurs depends on the nature of the wood : thin- 
walled fibres break in two, tliick-walled ones pull apart in the 
neighbourhood of the primary walls. 

The test described above has been abandoned in moat 
laboratories because it was discovered that the stress set up in 
the test piece was not one of pure tension. More accurate 
tension tests have since been devised, but the preparation of 
the test pieces is difficult and takes time, so that they are not 
always included in a standard scries of tests. 
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Static bending {cross hredking strcngOi or sirmgth as 
a beam). — ^Tbe three strength properloes so far discussed 
have been considered separately, but static bending tests measure 
the effect of these stresses operating together. Plate 43, fig.* 1 
illustrates the apparatus used in such tests. The test pieces are 
30 in. in length along the gram, and 2 in. square in section. The 
test piece is supported at both ends, with the ends firee to move, 
and the heart face is always uppermost ; the supports are 28 in. 
apart. The load is applied at the middle of the span, and at such 
a rate as to defiect the test piece 0'015 in. per minute ; readings 
of deflections and load are taken simultaneously. The calculations 
made are : (a) fibre stress at the limit of proportionality, (b) fibre 
stress at maximum load, (c) modulus of elasticity, and (d) work 
in bending. The formulae employed in these calculations are as 
follows : 


(a) Fibre stress cU the limit of proportionality : 

1-6 P.L 
t;**" 


where fibre stress at limit of proportionality in pounds jMsr 
B<piaro inch, 

P, - load at limit of proportionality in pounds, 
h-spaii, i.e., distance between the points of support m 
inches, 

b - breadth or width ''f the test piece in inches, 
b- thickness or depth of test piece in inches. 

(b) Fibre stress at maximum h>ad : 


B 


1^6 VL 
hh* ■ 


where B-the fibre stress at maximum load (or modulus of 
rupture) in |)ounds per square inch, 

P-the load in pounds, 

and L, b, and h, are as in the previoiis formula. 


(c) Modulus of dasticity : 


E- 


4D6b» 


where E - modulus of elasticity, 

D - deflection in inches, 
and Pj, L, b, and h, are as before. 

(d) Work in bending. — Whereas formulae (a) and (b) above 
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give values for the loads sustained at different stages, work in 
bending is the cumulative energy consumed in reaching these 
stages, and is expressed in inch-pounds per cubic inch. 

The test, as described, introduces shear stresses that are un- 
important when comparison of bending qualities of different 
timbers are made firom the data obtained firom the test. The 
influence of shear stresses shoidd, however, be eliminated when 
accurate figures for bending strength are required for purposes 
of design. This is done by applying the load at two points, 
equidistsuit firom the points of support. In tests on small, clear 
specimens a beam, 40 in. in length and 2 in. square in section, 
is substituted for the smaller beam ; it is supported similarly ; 
but it is loaded at two points as described. The figures obtained 
firom this modified static bending test are for pure bending, with- 
out shear. 

Static bending is a measure of the strength of a material as 
a beam. In the resting position tlio upper half of a beam is in 
compression and the lower half in tension. Midi^ay between the 
upper and lower surfaces is the neutral axis where both com- 
pressive and tensile stresses are theoretically nil. A shearing 
stress operates along the neutral axis. The result of applying a 
load in the middle of the span is to deflect the beam out of the 
horizontal. This causes a shortening of the fibres on the upper, 
concave surface, and an elongation of those on tlie lower, convex 
surface. As the load increases compression failures develop on 
the upper surface, and the neutral axis moves towards the lower 
surface. The subsequent sequence depends on the kind of wood 
and its physical condition. For example, in unseasoned wood 
the initial failure is a compression failure immediately below the 
point of loading, followed by either a tensile failure on the lower 
surface, or horizontal shear along the neutral axis. Examples oi 
the types of firactme that occur in static bending tests are illus- 
trated in Plate 43, fig. 2. The clean breaks seen in the upper 
two test pieces (Plate 43, fig. 2), usually described as “ short in 
the grain ”, are characteristic of brittle timbers ; the bottom test 
piece (Plate 43, fig. 2) shows a typical shear failure. 

The load any member can sustain is dependent on the span, 
».e., the distance between the points of support, and on the 
sectional area of the member. The mathematical relationships 
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between these three dimensions, however, are not directly pro- 
portional. For example, the effect of doubling the span is to 
halve the load that a beam of the same sectional area can carry. 
The effect of doubling the width of a beam, other factors remaift- 
ing constant, is to double the load that can be sustained, but to 
double the depth of a beam is to increase the maximn tn support- 
able load fourfold. Because of this, beams are made rectangular, 
with the greater dimension in depth. There is, however, a 
practical limit to the magnitude of the ratio of depth to breadth 
in beams ; a ratio greater than 4 to 1 introduces a tendency for 
the member to twist when loaded. 

Loads applied to joists and beams involve bending stresses, 
but in selecting suitable sections for such members it is often 
necessary to allow for more than the minimum strength in 
bending to avoid sagging of floors, and, particularly, the cracking 
of plaster ceilings beneath. In other words, adequate strength 
in bending does not necessarily ensure adequate stiffness when 
the permissible deflection is very small. The reason for this is 
that timber, like most other materials, is subject to fatigue or, 
more correctly with timber, to creep. Recent research has shown 
that the mechanical pro|)crtie8 of wood are appreciably affected 
by the duration of loading, and stiffness is the property most 
affected : deflection of a green timber loaded to its ordinary work- 
ing stress may be two to foif times as great under long-continued 
loading, compared with short-time loading. Hence, for many 
purposes a timber may be sufficient! v strong in bending, but not 
sufficiently stiff, when required to support loads of long duration; 
unless allowance is made for this, deflection will, in time, become 
excessive. To offset this possibility, and thereby to eliminate 
sa gg ing in horizontal beams, it is recommended that in computing 
for design purposes provision should be made for accommodating 
a load equivalent to the live load, plus three times the dead load. 
This ensures that, provided there is no over-loading subsequently, 
the “ permissible deflection ” initially selected will not be exceeded 
throughout the service life of the beam. 

The limitations imposed by the effect of long-term loading 
on deflection oar often be countered, without adding to con- 
structional costs and sometimes even lowering them, by using 
lower grade timber but of greater depth. The lower grade timbm 
will have a lower value for fibre stress at maximum load than the 



186 THE PROPERTIES OF WOOD ».m 

saperi<v grade, but, by inoreaeiiig the depth sufficiently, the 
lesulting modulus of rupture is adequate for the loading con- 
ditions to be accommodated. Stifihess varies as the cube of the 
dbpth, and is less affected by grade of timber, compared mth 
strength in bending. Thus, by allowing greater dimensions to 
provide for adequate bending strength in a lower grade of timber 
an even greater increase in stiffness is obtained. 

Impact bending. — Plate 44, fig. 1 illustrates the apparatus 
used in impact bending tests. The test pieces are of the same 
size as those used for static bending tests (30 in. in length and 
2 in. square in section), and they are supported similarly, except 
that the ends are not entirely free to move. The test consists in 
dropping a weight of 60 to 100 lb., depending on the strength of 
the timber, from successively increasing heights on to the centre 
of the test piece, the test being continued to the point of complete 
failure or a deflection of 6 in. In some laboratories a record of 
height of drop, deflection of the test piece, and permanent set, is 
obtained automatically until a drop of 12 in. is attained, by 
means of a recording drum and stylus pen incorporated in the test 
apxMtratus. The data collected from imjiact bending tests are : — 
(1) fibre stress at the limit of proportionality, (2) modulus of 
elasticity, (3) work in bending, and (4) height of drop to cause 
failure or a deflection of 6 in. 

Other tests are somethnes used to measure shock-resisting 
ability. The Timber Mechanics Section of the Forest Products 
Research Laboratory, Princes Risborough, use specimens f in. 
square in section and 10 in. long ; this specimen is freely supported 
near the ends and broken transversely by a single blow from a 
falling pendulum. The data from these tests are for total work 
to complete failure ; that is, the energy absorbed in fracturing 
the test sample. In the Izod test the specimen is { in. square in 
section, and a notch of standard shape is cut across the grain the 
full width of the piece, and at right angles to its length. The 
specimen is firmly clamped just below the notch, and held in a 
vertical position. A heavy pendulum is then allowed to strike 
the specimen and break it, and from the reduction in amplitude 
of the swing of the pendulum it is possible to calculate the energy 
absorbed in firacturing the specimen. 

The shock-resisting properties of wood are considerably in 
excess of the maxima for sustained loads. Shook resistance is an 
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eesontial quality of timber for hammer handles, athletio goods, 
and aimilar purposes. Timbers of this class are popularly said 
to be “ tough and in this case the word is used in the same 
sense as throughout this chapter. • 

The combination of resistance to impact bending and the 
character of fuling gradually is sometimos of special value. In 
places where it is impossible to forecast the exact load a woodmi 
member may have to carry, as in mine timbers, it is a distinct 
advantage to employ a timber that will fail gradually, so that 
warning of impending collapse is given. On the other hand, it 
is a mistake to confuse the character of failing gradually with 
total strength properties. A timber may have high strength 
properties without being particularly resistant to sudden loads in 
excess of its maximum fibre stress in static bending : it is stiff 
rather than flexible. Such a timber will support a much greater 
total load than one with, for example, lower strength properties 
but bettor resistance to sudden loads in excess of its maximum 
fibre stress. Only in circumstances where it is impossible to pre- 
determine probable loading, and the warning of impending 
collapse is invaluable, wmdd the selection of the latter timber, 
at the expense of the former, be justified. 

Hardness. — Plate 44, fig. 2 illustrates the apparatus used for 
making hardness tests. The tost consists in measuring the force 
required to imbed the hemispherical end of a steel rod 0*444 in. 
in diameter into a test piece to a depth of 0*222 in. Penetrations 
are made on the radial, tangential, and end surfaces. This test 
measures only resistance to indentati')n, but the popular concep- 
tion of “ liardness ” embraces ease of catting. This latter property 
is dependent on the nature of the grain, and the presence of 
silica and other substances in the cell cavities, quite as much 
as on the resistance to indentation. Several instances exist, 
particularly among tropical timbers, of woods that are at the 
most only moderately hard, measured hy resistance to indentation, 
but which are extremely hard on cutting tools, e.g., white meranli 
and Queensland walnut. 

Hardness is of value in timber for paving blocks, flooring, 
bearings, and other similar purposes, although for paving blocks 
and flooring uniform wearing qualities ore of greater importance 
than absolute hardness. Wearing qualities are influenced by the 
method of conversion : flat-sawn material will not wear so 
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anifonnly as quarter-sawn. Moreover, even good wearing qualities 
do not complete the requirements in timber for paving blocks 
and £k>oring. For the former, low absorbent qualities are 
spmetimes at least as important, and for both purposes low 
shrinkage, with corresponding small “ movement ” ^ in service, 
is most desirable. Further, for flooring in particular, very hard 
timbers, which are naturally very dense and tend to be of very 
fine texture, may be too slippery when j^fuied to provide a safe 
surface, and they are always more noisy to walk upon than the 
less dense timbers that may have poorer wearing qualities. 

Gleavability. — ^Plate 45 illustrates the test piece and app»- 
atus used in cleavability tests. Half the pieces are out radially 
and half tangentially, and the cleavability in the two directions 
is calculated separately. The stress measured is the load in 
pounds necessary to split the specimen in two, divided by the 
width in inches of the section at the point of application of the 
load. The results obtained may be considerably influenced by 
irregularities in the grain of particular samples. Interlocked 
grain, for example, provides a resistance to splitting t&oeable 
to the arrangement in the longitudinal plane of the elements in 
that sample. In consequence, data from cleavability tests should 
be regarded solely from the comparative standpoint and not from 
that of absolute values. The factor that determines resistance to 
splitting is the arrangement of the different tissues in relation to 
one another : for instance, broad rays provide planes of weakness 
in the radial direction, and tangential series of resin canals (as in 
timbers of the Dipterocarpeuxae) planes of weakness in the tan- 
gential direction. As a general rule straight-grained timbers split 
more readily radially than tangentially, and more readily dry 
than “ green ”, but timbers with markedly interlocked grain 
split more readily tangentially and are often extremely difficult 
to split radially. 

The readiness or otherwise of a timber to split, which cleav- 
ability denotes, has a practical application in certain circum- 
stances. In firewood, and material for the manufacture of tight 
barrels, charcoal, and hand-split shingles, high cleavability is a 
very desirable asset ; for nail- or screw-holding purposes, as in 
packing-case manufocture, high lesistanoe to cleavage is an 
essential quality. 

t For a definition of “ movement ** see page 91. 
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INFLUENCE OF MICRO-STRUCTURE 
OP CELL WALLS 

It has already been indicated that, in general, the strength 
properties of wood are roughly proportional to specific gravity, 
that in softwoods and ring-porous hardwoods strength is dependent 
on the proportion of late wood in the growth ring, and that very 
slowly-grown specimens of timber are below the average for the 
species in both specific gravity and strength. These conclusions 
sum the experience of generations of timber users, and have been 
confirmed by the examination and mechanical testing of many 
thousands of specimens, but it cannot be too strongly emphasized 
that they are generalizations, and questions still remain as to 
how far specific gravity may be regarded as a guide to the 
properties of the individual piece of timber, and what other 
properties play a pai*t in determining strength. It has been 
established, for example, that strength properties vary with 
position of a sample in the tree, and that some localities produce 
timber of more than average strength for the specific gravity. 

Differences in the chemical composition of the ceU wall were 
suspected of having a major influence on the strength properties 
of individual pieces of wood. Preliminary investigations disclosed 
that such abnormal tissue as compression and tension wood has 
different strength properties from normal wood of the same species 
and density. On the other hand, the presence of extractives 
appeared to have little influence on the strength properties of 
wood, and it was established that sound sapwood is not inferior 
in strength properties to sound heartwood of the same species. 

S. H. Clarke of the Forest Products Research Laboratory, 
Princes Risborough, therefore investigated the influence of the 
micro-structure of the coll wall in some detail. Clarke directed his 
attention in the first place to two strength properties, namely, 
resistance to longitudinal compression and toughness. In the 
course of a typical investigation some 1000 specimens of beech, 
from comparable parts of the tree, and representing 36 trees from 
6 localities, were tested to destruction under longitudinal com- 
pression : the snecific gravity of each specimen was determined 
and a microscopic examination was made of each. When specific 
gravity was plotted against strength the points for the various 
q^dmens were found to be scattebsd over an elliptical area. To 
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avoid confusion only a few individual points are shown in Pig. 26 ; 
the line AB is the computed line of beet fit to all the points. Indi- 
vidual specimens of the same specific gravity were found to differ 


relation or STWtNQTM AND SPECIFIC GR^VITY 



Fio. 26 — ^Relation of strength and specific gravity 

Bp fourUtp ofih§ Dvredor, FPRL, Pnnen Rttbanmffk 


by as much as 2700 lb. per sq. in., indicating that maximum crush- 
ing strength was infiuenced to an even greater degree by some other 
footer than density. A point of interest brought out by Fig. 26 
is that the points of specimens from the same tree fell foirly close 
togetbw ; actually t^y were in small eUipses within the large 
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dlipee. A similar relationship was found to hold in ash, oak, 
willow, and sweet chestnut. 

In the ring-porous woods it was shown that the composition 
of the growth ring explained some of the variation in strength, 
additional to that attributed to variations in specific gravity 
(which is itself related to the growth rate), but the major varia- 
tions were still unexplained. 

A comparison of specimens matched in respect of specific 
gravity and growth characteristics revealed that the wide varia- 
tions in strength were largely dependent on the composition of 
the cell wall, and it was shown by means of micro-chemical 
reagents that a high comprmsivo strength was accompanied by 
a relatively heavy decree of lignification, particularly in the 
region of the secondary wall of the fibres, while weaker specimens 
were below the average in this respect. The term lignification is 
used here in the botanical sense, and refers to a condition of the 
cell wall revealed by staining reactions and micro-chemical tests. 
Research has not yet gone far enough to correlate completely the 
degree of lignification as revealed by micro-chemical tests with 
the results of chemical anal 3 rsis, but it is certain that conditions 
may be recognized that follow the variations in strength. 

Variations in toughness were more diificult to explain : while 
specimens of low density were invariably weaker, it did not 
follow that those of high specific gravity were tough, and the 
influence of lignification was not readily apparent. A study of 
many fractures in specimens that had been submitted to the 
Izod test indicated that the initial failure usually occurred in 
the region of the middle lamella, and that failure was usually 
initiated in a zone of special weakness, for example in the par- 
enchyma, and that the strength of the secondary walls of the 
fibres rarely came into play. 

There were indications, however, of a negative relation 
between compressive strength and toughness, in that there was 
a tendency for material that was especially strong under com- 
pression to be weak in toughness. An interesting comparison 
may be observed in Figs. 27 A and B, which show the relations 
between oompremive strength and specific gravity, and toughness 
and specifio gravity, for some 300 timbers. Each point shows the 
average value for one speoies of timber. It is at once apparent 
that, on the average, tropical timbers are stronger in emnpression 
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than temperate timbers of tiie same spedfio gravity, but that the 
reverse is true for toughness. Micro-ohemioal tests revealed the 
expected difference in the condition of lignification between 
tiiopical and temperate timbers. This was not only true as a 
general condition, but the difference was also revealed between 
individual specimens of the same species grown under temperate 
or tropical conditions. 

A further comparison of these strength properties has been 
made in respect of tension wood and compression wood. The 
former is, on the average, tougher than normal* wood but weaker 
in compression, whereas compression wood is stronger in compres- 
sion than normal wood of the same specific gravity but less tough. 
It is well known that tension wood is loss strongly lignified, and 
compression wood more strongly lignified, than normal wood. 

Another point of interest is that as wood of most species dries 
from a green condition it undergoes a reduction in toughness but 
an increase in compressive strength. 

Taken together, these facts point to the importance of the 
physico-chemical condition of the cell wall as a factor in deter- 
mining strength properties. It will readily be understood that 
the composition is determined by growth conditions. Much 
remains to be discovered of the effect of temperature, water 
relations, traces of certain elements, etc., in the growing tree on 
the degree of lignification 

In conclusion, it may be reiterated that for most species there 
appear to be optimum conditions under which trees make the 
best growth, and that timber produced under these optimum 
conditions is superior in strength properties to that produced 
under less favourable conditions. Further, the chemical com- 
position of the cell wail, probably the lignin-content in particular, 
is influenced by locality ; and the fibrillar airangement of the cell 
wall is also influenced by growth conditions, in particular the 
slope of the stem when growing. 


INFLUENCE OF MOISTURE IN WOOD 
ON STRENGTH PROPERTIES 

An important fimtor affecting the strength properties of 
wood is the moisture content ^ of mdividual samples. In general, 

I The tann “ noiature oonteut ’* is deflaed on page 81. 
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below the fibre saturation point,* tiie meebanioal properties 
of timber increase with decreasing moisture oontmit, althoiq^ 
the rate of increase is not identical for the different strength 
properties. Toughness is an exception to the general rule, sinoe 
both in work to maximum load in static bending, and height 
of drop of hammer necessary to produce complete fiulure in 
impact bending, there is usually an actual decrease as moisture 


TABLE IV 

ATXBAOX mCBXASK (OB UBCBXASB) IM VALUZ Of VABIOUB STBBKOTH 
FROFEBTIES EfFErTED BY DEOBEASINO (OB INCBEUmo) HOI8TUBE 
CONTENT 1 FEB CENT. WHEN AT ABOUT 12 FEB CENT.* 


Pnipc rty 


Stalic bending : 

P'lbre stress at elastic limit . 
Modulus of rupture 
Modulus of elasticity . 

Work to clastic limit . 

Work to maximum load • 


Per cent 


6 

4 

2 

8 



Impact bending : 

Fibre stress at elastic limit • . . • 

Work to elastic limit 

Height of diop of liaminer causuig complete faihue 


4 

6 

-3 


Compreeaton parallel to gram : 

Fibre stress at elastic limit 
Crushing strength 

Compression perpendicular with gram 
Fibre stress at i lastic hmit 
Hardness — end . 

Hardness — side 

Shearing strength parallel with grain • 
Tension perpendicular to gram . 


5 

4 


6 

3 
1 

4 


content decreases ; certain softwoods, however, e.g., sitka spruce, 
show an increase in toughness with decrease in moisture content. 
In other words, dry wood will support a far greater load than 
green timber, but it will not bend so far before failure occurs ; it 
is more brittle. It has been found that small, clear specimens of 
thoroughly air-dry wood (12 per cent, moisture content) have 
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practioally twice the strength in bending and endwise oompressum 
of tiie same material when unseasoned. When Uhl-dried to 
approximate!^ 6 per cent, mouture oontent the inoreaae in strragth 
may be threefold. Table IV shows the average change in valob of 
various strength properties, effected by an alteration of moisture 
content by 1 per cent., for timber previously dried to about 
12 per cent. 

For most purposes the margin of safety in general use is such 
that the increase in brittleness on drjdng is not of consequence. 
Mine timbers, however, are an exception, since it is not always 
possible to determine what load such timbers will have to cany, 
and brittleness may become a serious fault. 

It must not be overlooked that the development of seasoning 
defects may offset any increase in strength properties as timber 
dries. Moreover, the figures given in Table IV are average figures 
for many species, and in using the figures the warning already 
given about averages should be borne in mind. They are valuable 
as a general trend, but cannot be applied dirortly in determining 
the precise strength of individual specimens. A further point of 
interest is that timber once dried below a given moisture content, 
allowed to absorb moisture again, and then re-dried, has slightly 
lower strength properties, and is more brittle, than material that 
has never been dried below the given moisture content. 

INFLUENCE OF DEFECTS ON STRENGTH 

Differences in the mechanical properties of different timbers 
are obviously dependent on many factors : in particular, the 
relative abundance of the different kinds of tissue and the 
arrangement of the individual elements in relation to one another. 
The micro-stmeture of the cell wall, and moisture content, have 
also been shown to be of paramou*it importance. Various other 
factors, however, influence the properties of individual samples, 
eg., irregularities of grain ; splits and checks that develop during 
seasoning *, the presence of rot ; and abnormalities in anatomiotd 
structure. These different &ctors are usually classified as defects 
(vide Chapter XI). Many defiocts reduce the strength properties 
of wood, but their weakening effect varies with their position in 
relation to the {nece of timber aq a whole, and the use to which 
the timber is put in service, «.e., whether it is used in such a way 
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that it is exposed to bending, oompressiTe, or shearing stresses, 
or sudden heavy loads (impact bending) rather than normal, 
continuous loads. In other words, defects affect different strength 
properties differently. 

The influence of the direction of the grain on the strength 
properties of wood has already been discussed, vide page 62. 
Sloping grain is the most important in this connection, but in 
ordinary practice the margin of safety is sudh that an appreciable 
degree of tolerance in regard to sloping grain is permissible for 
most purposes, other than in timbers for athletic goods. In some 
oases, however, the margin of safety is comparatively small, e,g., 
in the legs of chairs, when freedom from sloping grain is most 
desirable. 

" Spongy heart ” ^ reduces the shock-resisting ability of a 
timber appreciably, but if it is not extensive it may be of little 
signifloance in timbers used as short columns, and it is only 
slightly more serious in timbers subjected to ordinary static 
bending stresses. If, however, visible compression failures^ are 
also present strength properties are appreciably reduced : any 
timber likely to be subjected to even half its allowable working 
stress should contain no compression failures. 

All forms of warping^ reduce the strength properties of wood 
because loads applied in service will no longer act directly parallel 
with or perpendicular to the grain. The most serious of these 
defects is likely to be bend in a long column loaded in compression 
parallel with the grain : a bend or curvature of 1 in 1000 might 
reduce the strength by 20 per cent. ; further reductions in strength 
with increases in curvature are not proportional, but appreciably 
less than a direct ratio. 

Splits and checks, that is, actual ruptures of the tissues, 
naturally affect the strength properties of wood, particularly by 
reducing resistance to shear. The effect on strength properties 
is laigely dependent on the plane of the splits or checks : they 
seriously lower the strength of a beam or plank if they occur in 
a horizontal plane, but they are of little importance in the vertical 
plane. Hence, checks or splits do not greatly affect the strength 
properties of a short, straight-grained column. 

Elnots^ influence the strength properties of a piece of wood 
to a varying degree, depending on their size, position, and type. 

* Those terms are defined in Chapter XL 
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Strength properties are adversely affected not because the Trood 
of which the knot is composed is ordinarily inferior to normal 
wood, but because of the irregular grain that occurs in the vicinity 
of knots. Knots do not lowOT the sti&ess of a timber appredaUy, 
but they reduce its tensile strength. Hence, thf^ are of greater 
significance in joists, beams, and similar timbers, than th^ are 
in columns. In beams, the weakening influence of knots is 
greatest when th^ occur in the vicinity of the maximum bending 
stress and on the bottom of the beam ; they are of less importance 
when they occur near the top of the beam, and of still less 
significance if they occur near the centre of the depth of the 
beam. Any one knot will be progressively more serious as its 
position is farther away from the points of support of a beam. 
Reduction in strength properties, resulting firom knots, increases 
at a faster rate than the proportional increase in area of the knot. 

APPLICATION OP TESTS ON SMALL CLEAR 
SPECIMENS 

The limitations of tests on small, clear samples have already 
been indicated, but the tests have a very real practical applica- 
tion. For example, in the absence of tests on timber in structural 
sizes, they are the only sound basis for comparing the relative 
strength properties of different timbers, and, because external 
factors are more easily controlled, they axe in some respects 
superior to tests on timbers in structural size. In the absence 
of the latter tests, and provided correction factors, t.e., factors 
of safety, are applied to the figures obtained from tests on small, 
clear specimens, the data may be used in constructional design. 
There is no doubt that the tendency in the past has been to 
use timber of unnecessarily large cross section in building work, 
whereas, if the information now available were applied intelli- 
gently, appreciable economies could be effected. American 
workers have devised reduction factors that attempt to take into 
account variation occurring within a species and the j^esence of 
what may be accepted as a normal amount of degrade resulting 
from ixiegulariries of grain, splits and dieoks that develop during 
seasoning, and similar causes. These xeduoti<m fr^ctots, whiefe 
should be used with the figures froD) tests on small, dear specimenB 
in the gtem oondirion, are as follows : 
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(a) In bending : 

1/6 in dry places under cover, 

1/7 outside, but not in contact with the soil, and 
1/8 in wet places, 

of the figures for the fibre stress at the maximum load for green 
timber. 

(b) In compression parallel to the gtvin : 

1/4 in dry places under cover, 

1/4*6 outside not in contact with the soil, and 
]/6*5 in wet places, 

of the figure for the maximum crushing strength for green 
timber. 

(c) In shear : 

1/10 of the average of the figures for the radLiI and 
tangential shear stresses. 

(d) In side compression : 

1/2*25 of the figure for the compressive strength per- 
pendicular to the grain at the limit of proportionality. 

The use of strength data in tbu> way is an advance on former 
practice, which was too conservative as far as the strength 
properties of wood are concerned. On the other hand, data firom 
tests on small, clear specimens must be used with understanding. 
For example, some commercial timbers are the product of several 
botanical species, and the strength properties of each, as deter- 
mined by tests, may well show a range between the weakest 
and the strongest of more than 20 per cent. It would be wasteful 
always to use the figures for the weakest timber tested, and un- 
wise to employ those for the strongest species. In most oalcula- 
tions it is probable that the mean figures of all the species tested 
could be used, but it is in such cases that a proper appreciation 
of the significance of the data is essential. It does not seem 
advisable to attempt to assess liability to fungal attack in service 
in a reduction factor, but this is what is done when the reduction 
factor is reduced ^m |th to fth or ^th, depending on the 
“ site *’ conditions where the timber is to be used. The praotioe 
should be confined to temporary structures, and even with these 
it must be remembered that there is a tendent^ to retain them 
for ai^iteciably longer periods than those originally planned. A 
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maigib is, however, seoured by using figures for green material 
when timse aite applied to timber that will be at least partially 
seasoned before being used. The intention is, of course, to provide 
for strength in excess of the initial calculated requirements, on the 
grounds that such excess is discounted as decay starts; it is 
assumed that decay will be detectable before the strength pro- 
perties of individual pieces of wood have been reduced below the 
values used in the calculations. The Forest Products Division 
of the Department of Scientific and Industrial Research in 
Australia has taken a sound first step in the absence of detailed 
data. Australian timbers have boon classified in four groups, and 
single values for certain strength properties have been selected 
for aU the timbers in each group. These values, with or without 
reduction factors in different circumstances, may be used in the 
standard formulae applied in constructional design. It is obvious 
that the values selected must err on the side of caution, since 
the timbers in any one group will vary appreciably in strength 
properties. 

STRESS GRADING 

Various factors have been shown to infiuonce the strength 
properties of wood, and the causes of variation in strength 
between different pieces of the same timber, in so far as they 
are understood today, hove been discussed. The practical 
application of this knowledge rests on the availability of rapid 
means for separating timber into a few broad strength grades. 
Such means exist ; they have been established by experimental 
procedure and the applmation of simple mathematical theory. 

Research has established that, within certain limits, the 
strength of wood bears a relation to certain visible defects. 
Statisticid analysis of test data discloses that these conform to 
simple mathematical laws ; in particular, variation follows the 
normal or Gaussian frequency distribution. 

Many measurable properties are influenced by several, often 
unrelated, causes, which it is frequently desirable to study singly. 
For example, if a random selection of 1000 men were made, 
and their heights recorded, it would be possible to construct a 
graph from these data : the resultant graph is a freqnenqy curve. 
The heights in the example sugj^ted might be ejqpeoted to 
range from 0 to 6 ft 6 in. By atranguig the measurements in 
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one-inoh classes we would find that the majority fill near 
the arithmetical mean of these extremes, and that progressively 
fewer fell in the classes further removed from the mean. In 



Fio. 28 — Normal or Gaussian frequency distribution. Height m inches 
of adult males m Qroat Biitam, based on 8585 measurements. 

Fn/urtt from final rapofietf Anthropometne CcmmOtee, Jf883 


effect, height in adults follows a normal fiequen<^ distribu- 
tion, which can be expressed graphically as in Fig. 28. If we 
restricted our selection of men to one race, or to those between, 
say, 9 and 12 stone, we would get different curves fix>m those 
for men of all races, ot men of all weights; the type of 
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curve would be the same in each oaee, with the peaks for these 
different sets of data moved to the right or left. Taking one 
test at a time, similar frequency curves can be constructed ftom 
the test data for wood ; an example is given in Sig. 29. Such 



FAILING STRESS (lb.persq in.) 


Fio. 29. — ^Normal frequency dietnbution oi test reeuliB. Curve calculated 
by Mr. P. O. Reece, A.M.liiet.C.E., A.M.In8t.M.ftQy.£., from actuad 
teat data 

Coarlesy o/P. 0. EteoG, Ag, 

a figure has been constructed from data for one species in one 
test. This shows a maximum steess ran^ng from about 2400 lb. 
per sq. in. to 6700 lb., with the greater number of pieces around 
4350 lb. per sq. in. In uiy random parcel of 100 pieces of such 
timber, we might expect one piece to fail at about 24001b., another 
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between 2400 and 2600 lb., perhaps two around 2800 Ib., two 
more at 3000 lb., and so on. The chances of picking the weidcMt 
pieces every time are obviously small, and therefore it would be 
very wasteful to fix the strength for the grade at the minimum 
of 2400 lb. By accepting the possibility of a small number of 
pieces foiling below a selected minimum, it would be possible to 
raise this minimum considerably and yet ensure that the bulk 
of the material was at or above the minimum selected. In con- 
structional work generally, wood is used in bifilt-up structures, 
the strength of which is considerably above thdt of the weakest 
member. Moreover, a factor of safety, or what the Americans 
not inaptly call a factor of ignorance, is provided in the calcula- 
tion of stresses. Hence, the inclusion of a few pieces below a 
certain minimum is immaterial. Having decided on the number 
of pieces below the minimum that can be admitted, the allowable 
working stress is determined. The number of admissible potential 
failures will be governed by the degree of testing employed in 
the finished article : in aircraft construction, when a high degree 
of testing is carried out, very much higher working stresses can 
be admitted than in building construction where little or no 
testing is done. 

As with men, and their heights, the peaks for test data can 
be infiuenced by restricting the data studied, and, provided the 
same percentage of potential failures to be admitted is not varied, 
the allowable working stress will be raised or lowered with 
different sets of data. For example, we know that wood of low 
density has strength values below the mean for the species. It 
follows that if we exclude all pieces below a certain density, the 
peak of the frequency curve for, say, maximum strength in 
bending, for material above this minimum, will be higher than 
the peak of the curve that includes the whole range of material 
test^. Further, with the same reservations as to potential 
failures, the allowable working stress for the former coidd safely 
be fixed at a figure greater than for the latter. 

Density is not a particularly convenient factor to work with 
in the timber yard, but such visible features as knots are. 
infiuence of knots can be studied by testing material of the same 
lengths and sectional area, but with different percentages, 
measured by area, of knots, and the relevant frequency curves 
constructed. Separate curves would be provided for knot areas 
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of 10, 20, and 80 per cent., or any othw seleoted peroentages. 
Admitting Uie aame percentage of potential failorea with each, 
three separate minimam allowable working stresses would be 
obtained. This is the theory behind stress-grading rules. , 

The influence of readily assessable features on strength pro- 
perties are studied, and by determining the maximum knot area, 
or iwiniTnnm number of rings per indh, or a combination of such 
features, the allowable working stresses for different classes of 
material are determined. By visual inspection it is then pos- 
sible to arrive at the grade of any piece of timber with assurance 
that 80, 90, 95, or any other previously selected percentage of 
such material will possess the minimum strength properties of 
its grade. Sufficient timber in structural sizes, and containing 
defects, has had to be tested for the influence of readily observable 
defects to be accurately determined. From these studies it has 
been possible to draw up simple rules that make it possible by 
rapid visual inspection to allocate any piece of timber of the 
species covered to its correct stress grade. It would have been 
vrasteful to fix the strength of any grade at the minimum value 
for that grade, since this would mean that in any random parcel 
of X pieces, a; - 1 could be expected to have a higher maximum 
stress value than the flgiue adoi>ted for that grade. It was 
decided, therefore, to accept a probability, or mathematical 
chance, of 1 in 40 that no piece would fail below the failing 
stress fixed for that grade. A factor of safety was then applied, 
the factor selected being 27/64tlis, to give the allowable working 
stress for the grade. The values that have been accepted for 
Northern European softwoods are a safe working stress in flexure 
respectively of 1200 /., 1000 /., and 800 /. : /.is the stress per 
sq. in. in bending. This means that the minimum strength as 

1 200 yc 04 

determined by test for the 1200 /. grade is — ^ — or 2844 lb. 

One piece in 40, or 25 in 1000, would fail at some figure below 
2844 lb., but no piece would foil, or rather the chance is one in 
several thousand that no piece wduld fail, below the calculated 
allowable working stress of 1200 lb. per sq. in. The corresponding 
figures for the 1000 /. grade is 2370 lb., and for the 800 /. grade 
1896 lb. These stress-grading rules are farther discussed in 
Chaptw XV. , 

With such rules it is possible to use wood much more 
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ecoDomioally, -with certain definite minimum guarantees. The 
much closer precision in the use of wood that is thereby gained 
places it in the field of engineering materials. At present only a 
▼qry few stress grades have been worked out, but the potentialities 
of this approach to wood are obviously enormous, and the seem- 
ingly pointless testing of hundreds of thousands of pieces of wood 
to destruction takes on an altogether difierent significance. 



CHAPTER TX 


THE CONDUCTIVITY, HEAT, AND ENERGY VALUES 

OF WOOD 

HEAT CONDUCTIVITY 

In many situations the ability of a substance to resist the 
passage of heat, electricity, or sound, is of the greatest import- 
ance. Dry wood is one of the poorest conductors of heat, and 
this characteristic renders it eminently suitable for many of the 
uses to which it is put every day, e.g., as a building matOT in.! , 
in the construction of refrigerators or fireless cookers, and as 
handles of cooking utensils. The handle of an all-metal teapot 
becomes as hot as the teapot itself in a relatively short space of 
time, but a wooden one remains comparatively cool. Good quality 
cooking pots, teapots, and other containers for hot liquids often 
have small buffers of wood inserted between the vessel and its 
handle to prevent the passage of heat by conduction to the 
handle. 

The transmission or conduction of heat depends on two 
factors : (a) the specific conductivity and (b) the specific heat 
of the intervening material. Altlu.ugh the specific conductivity 
of dry wood substance is low, that of timber is even lower, for, 
as we have seen, wood is a cellular substance, and in the dry 
state the cell cavities are filled with air, which is one of the 
poorest conductors known. The cellular structure of wood a-lao 
partly explains why heat is conducted about two to three times 
as rapidly along, compared with across, the grain, and that heavy 
woods conduct heat more rapidly than light, porous ones. 

The specific heat of a substance is the amount of heat required 
to raise the temperature of one gram of that substance 1° C. The 
specific heat of whod is about 50 per cent, hi^er than the specific 
heat of «r, and four times as high as that of copper. It has 
already been inferred that the conduction of heat through wood 
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is a matter of importance in the kiln drying of timber, sutoe one 
of the aims of this process is to raise the temperatoie of the 
interior of planks and boards in the kiln. In these, and similar 
drpumstances, the high specific heat of wood is a disadvantage. 
Fortunately, the movement of heat is more rapid in green timber 
and, as wood is usually more or less green when subjected to such 
treatments, the disadvantage of poor conductivity is less marked. 
Dry wood conducts heat much more slowly than green timber of 
the same species because of the water present, which is a much 
better conductor than air. 

One effect of applying heat to a substance is to cause it to 
expand. Allowances to permit of expansion and contraction, 
with changes in atmospheric temperature, are made in all-metal 
structures such as bridges, rails, and steel -work structures 
generally. Woody tissue also expands with boat, but timber 
in use tends to shrink when heated. Tliis apparent contradiction 
is easily explained. Timber in use always contains a varying 
quantity of moisture in the cell walls, which, on being heated, 
is lost to the atmosphere and, as has been previously explajpod, 
loss of moisture is accompanied by shrinkage. In consequence, 
although heat would cause the cell walls to expand, the loss of 
moisture from the walls results in shrinkage, which more than 
counteracts any increase in volume caused by the expansion of 
the woody tissue. In effect, it is not that the expansion of wood 
substance is low but that shiiukage is high ; actually, in linear 
expansion along the graiu, ash is almost identical with cast iron 
and steel, although the linear expansion of most other species is 
considerably less ; across the grain, the linear expansion of beech 
is about six times as great as that of iron or steel. 

The reaction of timber to heat has an important bearing on 
its suitability as a fire-resistant material. Because of the relatively 
high specific heat and poor conductivity of wood, wooden doors 
are often effective in preventing the spread of a fire for a con- 
siderable period. Wooden doors fail when shrinkage causes the 
different ports, s.gr., panels, styles, and mouldings, to pull apart, 
leaving gaps through which flames can penetrate. Failure through 
shrinkage usually causes a breakdown of wooden doors long before 
the flames have been able to penetrate by combustion, or heat 
by conduction. Metal doors, on the other hand, conduct heat to 
the opposite side so quickly, and absorb so little heat themsdlves 
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in the process, tibet they tend to pass on a fire from chamber to 
chamber with great rapidity unless constructed with an insulating 
core. In a light fire papers filed in a steel cabinet will char and 
bum whereas under the same conditions those in a wooden cabinet 
might well come through unharmed. In spite of eventual failure, 
because of shrinkage, it has been shown that a well*oonstructed 
wooden structure is often efficient in retarding the progress of 
a fire : the distinction between retarding and resisting fire is 
unportant — wood is highly combustible, but is not highly 
inflammable. 


ELECTRICAL CONDUCTIVITY 

Absolutely dry wood offers practically complete resistance to 
the passage of an electric current, but the presence of contained 
moisture renders it a partial conductor. This phenomenon is 
the basic principle used in the design of electric moisture meters, 
described on pages 86 and 87. Besides the moisture content of a 
piece of wood, its density and the species influence its electrical 
conductivity. For example, lignum vitae, and certain other dense 
woods, have been used for insulation purposes ; they ore some- 
times impregnated with wax to keep out moisture, thereby 
maintaining their insulating properties. The small differenoes 
in electrical conductivity of different woods of the same density 
can be explained by attributing such variations to the effect of 
differences in anatomical structure of different woods and the 
possible influence of certain inorganic extractives present in some 
woods. 


ACOUSTIC PROPERTIES 

The acoustic properties of wood ore of importance in musical 
instruments and in building construction. 

The laws of acoustics indicate that the power of conducting 
or cutting sound is linked with elasticity. Thus a piece of wood, 
so fixed as to be allowed to vibrate freely, will emit a sound when 
struck, the pitch of which will depend on the natural frequeniy 
of vibration of the piece. This in turn is governed by the density 
(sinoe densi^ affects elasticity) and dimensions of the piece. 
Wood, the elasticity of which has been destroyed, as for instance 
by fungal decay, frill give a dull sound when tapped, in contrast 
to the dear ring of sound wood. * 
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The property of resonance, or of vibrating in sympathy with 
sound waves, is also possessed by wood by virtue of its dastio 
properties. The special quality imparted to notes emitted by 
wood is very pleasing and causes wood to be extensively used 
in sounding-boards and other parts of musical insiruments. 
Uniformity of texture, which comes from extreme regularity in 
growth throughout the life of the tree, and freedom from defects, 
ore the essential |HX>perties of timber for sounding-boards. Slow- 
grown spruce, from restricted areas in Czechoslovakia, is perhaps 
the most famous source of supply of high-grade piano and violin 
sounding-boards. More recently, balsa has come into prominence 
for the construction of amplifying chambers of gramophones. 

The ability of a material to absorb sound is dependent on its 
mass, the way in which it is fixed, and on the acoustic properties 
of the surface of that material, i.e., whether the surface is capable 
of absorbing or reflecting sound. The eeUular nattire of wood is 
such that when timber is flxed so that it cannot easily vibrate, 
the surface has a deadening oflect on sound waves ; for this 
reason wood is valued as a flooring and paving material. 

THE HEAT VALUE OF WOOD 

Like other organic materials wood is combustible ; under 
suitable conditions it will burn, and its constituents undergo 
oxidation with the liberation of energy in the form of heat. 
The fuel value of a timber depends largely on the amount of 
wood substance in a given volume, i.e., on the density, and on 
the chemical composition of the wood substance, and on the state 
of dryness of the wood. As a general rule the denser the timber 
the higher its potential fuel value, but this may be modified by 
the presence in the wood of such substances as resin. The fuel 
value of resin is about twice that of wood substance, and, other 
things being equal, resinous woods have a higher fuel value than 
non-Tesinous timbers. The influenoe of moisture content will 
readily be understood ; wet wood has a much lower heating value 
than djy wood of the same species, because much heat is lost in 
tramfoming the contained moisture into steam. It is, therefore, 
anything but economical to use damp firewood : it lasts longer 
but gives out much less total heat than the same amount of 
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Another ftMstor inflnenoing the ralne of wood as a fuel is tiie 
ash content. Although this may not affect the heating value 
to an appreciable extent, for certain commercial purposes the 
amount of residual ash is an important consideration. 

Dense woods bum more slowly, and with less flame, than light 
woods, which tend to flare up and bum away quickly. Decayed 
wood has a lower heating value than the same volume of 
soimd wood of the same species. Comparison of relative fuel 
values of different species presents considerable difficulty, partly 
because subsidiary merits, such as even, regular burning qualities, 
and low ash content, are not easily assessed, and partly because 
the volumetric unit of measiuremont of flrewood — the cord — is 
capable of wide fluctuations in the actual amount of contained 
timber, or, in effect, of combustible material. The form of wood, 
i.e., split billet.**, lugs, or sawn waste, and the method of stacking, 
result in oonbiderablo dilTcmices in the fuel value of different 
cords of wood of the same species : not only may the volume 
of wood vary, but also its degree of dryness — split billets will 
dry more ra^udly than logs. Comparison with other fuels 
should be on a dry-weight basis, but even this precaution does 
not take into consideration the legitimate charge against wood 
fuel of higher costs for storage and handling of the more buUiy 
commodity. On a dry-weight basis, the heating value of coal 
is about 1*6 times as great as an equivalent weight of wood, and 
this figure may be of some value for approximate comparisons. 
Alternatively, a heat value of 8000 British thermal units per lb. 
of bone-dry wood may be used as a basis of calculations, suitable 
allowances being mado in comparative costing figures for ease or 
otherwise of handling, increased cost of storage, ash percentage, 
and the like. In practice, it is advisable to assume that the 
efficiency of wood fuel is not 100 per cent, of its British thermal 
units value but some lesser percentage of this value. 

Charcoal is wood fuel in an alternative form : it has a higher 
fuel value than ordinary wood, both on a volumetric and a weight 
basis. The advantages of charcoal over firewood as a fuel are 
largely economic ones, associated with low transport and handling 
chaiges per heat unit, the savings more than offsetting cost of 
manufacture. 

No less than 63 per cent, of the total world consomptloiL ol 
wood is as fuel, the largest proportion of which is consumed in a 
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most wasteful maimer in primitive stoves or ovens, and often as 
open fires on the ground. Burned in this way, it is estimated 
tiiat 90 per cent, of the fiid value of wood is lost, only 10 per cent, 
being utilized effectively. Those figures take no account of the 
additional heat value lost by reason of burning green wood, when 
a considerable amount of the heat generated is absorbed in 
driving off excess of moisture in the wood. Admittedly, much 
of the “ wood ” so consumed would be completely wasted were 
it not used as firewood, but the prodigious vdhime of material so 
involved intensifies the need for tackling this problem realistic* 
ally. The natural resources of the world are not inexhaustible, 
and even a small improvement in the manner in which wood is 
used as fud could make large quantities of potentially useful 
material available for other purposes. The development of burn- 
ing wood in enclosed retorts, to yield producer gas, is discussed 
in the next section. 

THE ENERGY VALUE OF WOOD IN INTERNAL- 
COMBUSTION ENGINES 

Wood and charcoal can be used as a source of producer gas 
for intomal-combustion engines. The choice of timbers for this 
purpose is a wide one, only mangrove species being leas suitable 
than most, because of their high saline content, which causes 
corrosion of cylinder walk. For economic reasons, however, the 
denser timbers are preferable to the less dense ones, and those 
with a small ash content are more suitable than those with a 
high ash content. Whenever possible only one species of timber 
should be used as fuel at a time, thereby ensuring uniform burning 
and output of producer gas. 

In spite of the apparent low cost of the fuel in countiies well 
stocked with forest, producer-gas engines cannot be said to rank 
as a serious competitor of petrol or Diesel oil engines if a high 
degree of efficiency in performance is required, and this position 
is likely to persist so long as the relative cost of the different 
fuels remains static. The inherent disadvautages of producer- 
gas engines are three in number: (1) they ate of necessity 
heavier, on a power-weight basis, than petxol en^nee, (2) they 
require refudling more fi»quently, and (3) the fuel, being bulky, 
is more expensive to transport and store than petrol or Diesel 
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oQ. In the tropics there is the added diffiooliy of obtaining fire* 
wood or charcoal of only one species in commercial quantities : 
the mixed eomposition of the forests makes such selection a 
practical impossibility, except in mangrove areas, and thtee 
timbers, as has been mentioned, are less suitable than most for 
producer>gas plants. On the other hand, when cheap transport 
is more important than efficiency in performance, producer-gas 
engines should not be too readily ignored. 

The war yean, which deprived many countries of their normal 
sources of supply of coal and petroleum products, once again 
focussed attention on producer-gas plants. Apart from generators 
for mobile vehicles, generators for stationary engines were de- 
signed, which undoubtedly functioned efficiently and economic- 
ally. Even more interesting, was the development of wood-gas 
stoves for cooking and the heating of domestic hot water. Stoves 
were produced on a commercial scale in Switzerland, Sweden, 
and Austria, capable of utilizing — in the form of producer gas — 
about 80 per cent, of the heat value of wood. 

Another approach to the economical utilization of wood as 
fuel or motive power is the distillation of wood in special retorts 
to recover the alcohol products, which are similar in character to 
petrol. This is the specialized field of the wood chemist, involving 
commercial-size plants of high capital cost, and it must suffice to 
draw attention here to these derivatives of wood, the commercial 
exploitation of which could help to solve some of the pressing 
economic problems of the world today. 




PART IV 


CONSIDERATIONS INFLUENCING THE 
UTILIZATION OF WOOD 




CHAPTER X 


THE SEASONING OP WOOD 

THE OBJECTS OP SEASONING TIMBER 

Seasoned timber is admitted on all sides to be superior for 
practically all purposes to unseasoned timber, but the real reasons 
for the superiority are not always appreciated. It is generally 
realized that dryness has something to do with the superiority of 
seasoned timber, but it is also frequently supposed that seasoning 
is a maturing process that is closely dependent on the time factor. 
Next to dryness the most commonly acclaimed property of 
seasoned timber is its freedom from movement. This we have seen 
from the discussion of variation in moisture content of seasoned 
timber is not strictly true. 

The primary aim in seasoning is to render timber as stable as 
possible, thereby ensuring that once it is made up into furniture, 
fittings, etc., movement will be negligible or for practical purposes 
non-existent ; simultaneously, other advantages accrue. Most 
wood-rotting and all sap-stain fungi can grow in timber only if 
the moisture content of the wood is above 20 per cent. : hence, 
seasoning arrests the development ot incipient decay in wood and 
removes the risk of infection of sound timber. Seasoning does 
not confer immunity from subsequent infection should the 
moisture content of previously dry wood be raised above the 
critical minimum, as a result, for example, of prolonged exposure 
to damp conditions. Several insect pests can live only in green 
timber, but others do not appear until wood is at least partially 
seasoned : those that require timber to be green cease their 
activity as the wood dries out, and in most cases cannot resume 
the attack even if the moisture content of the timber should 
subsequently be raised. Reduction in weight of wood accom- 
panies loss of moisture ; this is of practical importance as it 
xeduees handling costs, and may elSect economies in freight 
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ohaxges. Redaction in freight changes applies particolarly to 
inland transport, either rail or road, uid has led, for example, 
to cedar shingles being sold in Canada on a moistore-content 
basis. Seasoning also prepares timber for various “ fininhing *' 
processes, e.g., painting and polishing, and it is an essential pre* 
liminaty if good penetration of wood preservatives is sought. 
Finally, most strength properties increase as timber dries and, 
although the increases may not in themselves justify the expense 
of seasoning, they are of more than academia significance. 

Certain advantages may be secured by storing seasoned 
timber for very long periods before it is put into service ; these 
periods are not the two to three years required for initial air 
seasoning, but periods of twenty to thirty years or mote. In 
this time, dry timber will constantly absorb moisture and swell 
during wet spells, or lose moisture and shrink during dry periods. 
Each time there is a change in the moisture-equilibrium conditions 
the reactions of a piece of wood to such changes become pro- 
gressively slower. In time it is to be expected that “ movement *’ 
or " working ” would be so retarded that timber ezposecF only 
to the slight moisture-equilibrium changes that occur in service 
indoors would be more stable than timber dried to a particular 
moisture content for the first time. This, however, is not what 
is ordinarily understood by air seasoning, and it is not an argument 
against kiln seasoning, which is superior to air seasoning if carried 
out intolUgently. The special advantages accruing from prolonged 
storage are secured equally well whether the material is initially 
air- or kiln-dried. 

Drying occurs because of differences in vapour pressure fi»m 
the centre of a piece of wood outwards. As the surface layers dry, 
the vapour pressure in these layers falls below the vapour pressure 
in the wetter wood further in, and a vapour-pressure gradient is 
bufit up that is conducive to the movement of moisture from 
centre to surface. Furthm: drying (“ seasoning ”) is dependent 
on maintaining a vapour-pressure gradient. This gradient is first 
established in a freshly sawn piece of wood as a result of loss of 
water vapour from the surface layers of the piece. The steeper 
the gradient the more rapidly does seasoning progress, but, in 
practice, too steep a gradient must be avoided. 

Below the fibre saturation point drying is accompanied by 
shrinkage. The amount of shrinkage that will occur varies with 
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the species and the degree of dryness attained ; it will usually 
be greater tangentially than radially, and negligible bngitudinaUy. 
If the tendency of a wood to shrink on drying is high the risk of 
stresses being set up in the outer lay»s is great with a steep 
moisture gradient : the outer layers want to shrink but are 
restrained by the wetter interior. The outer layers may set in a 
stretched condition, t.e., case-hardening occurs, or the tissues may 
be ruptured, i.e., surface checking results. 


PRINCIPLES OP SEASONING 

Experience has shown that the chief difSculty to be overcome 
in seasoning timber is the tendency of the outer layers of a piece 
of wood to dry out more rapidly than the interior. If these layers 
are allowed to dry much below the fibre saturation point, while 
the interior is still saturated, stresses are set up, because the 
shrinkage of the outer layers is restricted. The stresses may 
attain such magnitude that the tissues in the outer layers of the 
wood are actually ruptured, and surface splits or checks residt. 
Rupture of the tissues results in fibres separating in the region of 
the middle lamella, whereas vessel walls break across where two 
separate members join. The whole art of successful seasoning lies 
in maintaining a balance between the evaporation of water iiom 
the surface of timber and the movement of water from the interior 
of the wood to the surface. Three fEu^rs control water move- 
ments in wood : the humidity, the rate of circulation, and the 
temperature, of the surrotmding ur. Temperature has a twofold 
effect : by influencing the relative humidity of the air it governs 
the rate of evaporation of water from the si^ace of wood ; and it 
also governs the rate of movement of water outwards in a piece 
of wood. 

Let us see how these three factorii interact. The rate of loss 
of moisture from wood depends on the humidity of the air in 
immediate contact with the surlbce layers, and on the dryness 
of the layers themselves. The rate of movement of water out- 
wards in a piece of wood is dependent on the vapour pressure 
of the outer layers being lower than the vapour pressure further 
in, and on the differences in vapour pressure of successive layers 
not being excessive. If the outer ‘layers are appreciably drier 
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than Ube interior greater resistanoe is offered to the mo'veinent 
of moietoxe outwards than when difioenoes in vapour foessure, 
and consequently in moisture content, of successive layers are 
smaller ; in extreme circumstances resistance may be such that 
diffusion of moisture from the inner lasrers outwards is brought 
to a standstill, the moisture in the interior of the wood being 
sealed in. Besumplion of moisture movements in such cases can 
usually be achieved only by artificial means, e^., steaming in a 
kiln. The relative humidity of the atmosphere, and its tempera- 
ture, are all-important in the seasoning process : the lower the 
relative humidity of the air the better will it be able to take up 
moistmre from the surface of a piece of wood, and, conversely, 
wood in contact with saturated air cannot dry at all ; altemaldvely , 
high temperatures can explain the drying powers of the atmo- 
sphere, although its relative humidity is high. At temperatures 
prevalent in the tropics, namely 80° to 90° F., comparatively high 
relative humidities, e.g., 70 to 80 per cent., still leave the air with 
appreciable dr 3 dng powers because the amount of moisture that 
air at those high temperatures requires to take up in raising its 
relative humidity 1 per cent, is so much greater than the amount 
involved in raising the relative humidity by 1 per cent, at, say, 
60° F. This factor in the temperature-humidity relationships of 
the atmosphere explains why it is possible to air-dry timbers in 
the humid climates of the tropics to as low moisture contents as 
those achieved in temperate regions, and in less time. In fact, 
unless the site conditions of tropical storage sheds are exception- 
ally unfavourable, the main problem is usually to retard the rate 
of drying to minimize checking and distortion. At the same time, 
surface drying is usually not sufficiently rapid to preclude sap- 
stain discoloration in timbers particularly susceptible to such 
infestation, e.g., melawis, obeche. 

Assuming no temperature changes, the relative humidity of 
the air increases as moisture is absorbed, and the affinity of the 
air for further moisture decreases ; this, in turn, slows up the 
drying of the surfsioe layers of wood exposed to such air. When 
air is absorbing moisture less rapidly, as a result of its relative 
humidity increasing, differences in moisture content of successive 
inner layers of wood exposed to such conditions will be less 
marked, the two factors thus combining to reduce seasoning 
stresses to a minimum. On the other hand, if the air in omtaot 
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with the BUxfBiOe layers of a piece of wood is in oonstant oiroiilation, 
its relative humidity may never become sufficiently hi£^ to retard 
the rate of absorption of moisture from these layers, while they, 
by drying out too quickly, offer greater resistance to the movemc|pt 
of moisture from the interior of the wood, and conditions of maxi- 
mum stress m the outer layers result. 

METHODS 

Preliminary seasonings. — Seasoning is sometimos begun 
before the tree is felled by girdling the trunk, i.e., cutting away 
a strip of bark and wood completely encircling the stem. This 
is the general practice with teak in Burma, the main purpose 
beiug to reduce the weight of the timber so that logs will float. 
The girdle severs the supply of water from the roots, while, 
before they die, the leaves exhaust some of the water present in 
the trunk. The reduction in moisture content secured by girdling 
is very smaU, even over a period of a year, but six to twelve 
months is usually sufficient to ensure that logs of species that 
just sink when green will float after girdling ; teak in Burma is 
girdled three years before felling. 

Timber is sometimes purposely stored in log form to effect 
prelimuiaiy seasoning, although more often than not log storage 
is a matter of convenience in connection with the maintenance 
of timber supplies to a mill. In point of fact the loss of moisture 
from timber in the log is extremely slow, and for practical purposes 
seasoning may be said to begin only after conversion to boards or 
planks. There is, however, another aspect of log storage that may 
be of some practical significance. The parenchymatous tissue in 
the sapwood remains alive after the tree is foiled, until the moisture 
content of the wood falls below the minimum necessary to sustain 
life, or imtil the food material in the colls is consumed. By 
remaining alive, the parenchymatous tissue uses up the food 
material essential to sap-stain fungi and certain insects, and the 
timber is thus rendered immune to infection from those sources. 

Two methods of seasoning are in common use : air, sometimes 
called natural, and kiln, often called artificial, seasoning, although 
in commercial pradtioe a combination of the two will often be 
more satisfactory and economical. So-called “ water sfasoning *’ 
is a iwiannmar ; th«re can be no loss of moisture so long as timber 
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TemaiiiB waterlogged. The hygrosoopidiy of wood and ite subse- 
quent shrinkage may be reduced by “ water seasoning ”, but the 
benefits are not of suffident magnitude to be of any oommerdal 
T^ue as a method of seasoning. Prolonged storage in water, 
however, reduces the starch content of the sapwood of spedes 
rich in this substance, rendering such timbers less susceptible 
to powder-post beetle attack. There appears to be some doubt 
whether it is the reduction in starch oontmt that is of importance, 
or whether it is the removal of other essential substances that 
occur in very small quantities in unsoaked wood. In the absence 
of these other substances timber still rich in starch appears to 
be immune to powder-post beetle infection. This has been 
demonstrated with known susceptible timbers : samples soaked 
in water for three months and subsequently exposed to attack 
remained immime although their starch content had not been 
appreciably reduced, whereas other samples firom the same con- 
signment that were not previously soaked were heavily infested 
when exposed to attack. 


AIB SEASONING 

Air seasoning aims at making the best use of prevailing winds 
and the sun, while protecting timber fix>m rain. Wind, by drou- 
lating the air, prevents it firom becoming saturated with moisture 
absorbed from seasoning timber, and the sun, by raising the 
temperature of the air, lowers its relative humidity. The com- 
bined effect of these two factors is to maintain the drying power 
of the air. Bain, on the other hand, inoreasos the humidity 
of the atmosphere, and, as it is accompanied by lower tem- 
peratures, reduces the diying power of the air. If at the same 
time the timber is actually wetted, it may pick up appreciable 
quantities of moisture. As a general rule, the problem is to 
accelerate air circulation adequately, although — as explained 
on page 168 — in the tropics, and with timbers prone to develop 
seasoning defects, it may be necessary to reduce air circulation 
and thus slow up the rate of drying. For example, measures 
are taken to reduce air circulation with a timber such as 
oak when ficeshly converted in the warm summer months and, 
convwsely, oak converted in the cool winter months can safely be 
expobod to greater air drculation. 
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Control of the olimatio factors is best achieved in properly 
constructed, well-ventilated sheds, but with low quality timbcsr 
such structures are impracticable on economic grounds. The most 
efficient shed is, moreover, only effective up to a point : even^in 
weather-proof buildings the relative humidity of the air varies 
appreciably at different seasons of the year. Control of air 
circulation, whether in sheds or in the open, is effected by piling 
the timber in properly constructed stacks, the design of which 
is the most important consideration in air seasoning. Control of 
the movement of water in wood is more difficult. Water move- 
ment is, of course, affected indirectly by control of air circulation, 
but additional measures are advisable to compensate for the more 
rapid movement of moisture along the grain than takes place 
across it. If the loss of moisture from the ends of a piece of 
wood is not checked serious stresses are set up that result in bad 
end-splitting ; to minimize this trouble some form of end cover- 
ing should be adopted. It will be seen, then, that throe factors 
are available for regulating air seasoning ; namely, seasoning 
sheds, correct piling, and end protection of the individual pieces 
of wood in a stack. 

Seasoning sheds. — ^In its simplest form a seasoning shed 
may be nothing more elaborate than a largo Dutch bam with 
temporary roofing. On the other hand, it may be a permanent 
building, consisting of a roof and four walls, the waUs being 
louvred, so that air circulation through the building can be 
regulated with considerable precision. For softwoods, except of 
the higher grades, any form of seasoning shed was formerly 
regarded as prohibitive in cost, but for the more valuable hard- 
woods seasoning sheds have usually been regarded as essential, 
and a more or less pennament building with a corrugated-iron 
roof may often prove more economical in the long run than a 
purely temporary structure. Today, even the lowest grade of 
wood represents an appreciable capital investment, and sheds 
should be regarded as essential ; unfortunately, the erection of 
sheds requires a Building Licence, which is rarely made available 
for this purpose. In tropical countries some form of shed is very 
necessary to protect timber against heavy rain and the very 
strong sun, but because of the intense heat in the middle of the 
day a corrugated-iron roof should be avoided : thatch, shingles, 
or rough boarding is better. 


M 
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PiUng . — Piling technique is the most important fsotor in 
air seasoning, because such points as the position and orientation 
of stacks, and their method of construction, largely govern air 
cirpulation. 

The site of the seasoning yard is usually dictated by such 
drcumstances as the necessity for proximity to the saw-mill, 
the land available, or the layout of existing buildings. Wherever 
possible, however, the site should be a naturally well-drained 
one, sufficiently removed from buildings to guard against the 
accumulation of stagnant air and/or the creation of air eddies. 

The nature of the floor of seasoning sheds or yards is important. 
The most satisfactory is a good concrete floor, which will not hold 
moisture, and can be kept dean. A cheaper alternative is well- 
rammed earth (clay) or cinders. Sawdust is bad as it holds 
moisture, and results in the circulating air being damp, so that 
seasoning is retarded, and the development of wood-rotting fungi 
is encouraged. The floor must be kept olem: of rubbish ; wood 
waste left lying about provides opportunities for fungi and insects 
to breed and spread to sound timber, and such rubbish increases 
the fire hazard. All wood waste from the saw-mill, and that 
which inevitably collects in the seasoning shed or yard, should 
be collected and burned if it cannot be utilized as the raw material 
of some manufactured wood product, or be sold for some purpose 
or another. It is not sufficient to collect and dumj* wood waste in 
an unused comer of a yard, where it will be equally effective as a 
breeding-ground, if not so great a fire hazard. The important 
points in stack-building ate the orientation, foundations, spacing, 
and width of stacks, and the spacing and width of stickers.^ Two 
alternative methods of orienting stacks with reference to the 
passage ways are possible : endwise, i.e., with the timber at right 
angles to the passage ways, and sidewise, i.e., with the timber 
parallel to the passages. Endwise piling makes for ease of inspec- 
tion and tall3ring of the stock, but sidewise piling ensures better 
air drculation from the passage ways. In endwise piling the air is 
held up by the stickers and can only circulate by way of the narrow 
alleys between stacks. Economic considerations, and null layout, 
however, usually determine the method selected, but where mech- 
anical elevators are used for stack-building sidewise piling is obli- 
gatory. If several varieties of timber, requiring different seasoning 

^ See i»age 164. 
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periods, are dealt with in the same yard, ridewise piling is more 
convenient and economical : high handling costs result when one 
of a series of endwise-piled stacks is required out of turn, because 
turning space in the {mssages tends to be restricted, and timber 
coming out at right angles to the extraction ways may absorb 
much time in manoeuvring. By far the most common failing is to 
crowd sheds to their maximum capacity, the excuse being made 
that land values are so high that the fullest use must be made of a 
&m’s storage capacity. This argument overlooks the fact that 
expelling moisture from wood is inevitably an expensive matter, 
but quicker air drying that is achieved by not over-filling seasoning 
sheds may well offset the higher rental costs per cubic foot of 
throughput because of the saving in fuel when such timber is 
finally kiln-dried just prior to use. The economics of this argument 
are worth investigating, although the general application of the 
theory is likely to have to be deferred until timber is regularly 
sold on a moisture-content basis. 

For the foundations of stacks, baulks of timber axe commonly 
used, but concrete, brick, or even wooden piers, are better, as 
they offer less resistance to the free circulation of air under a 
stack. If solid baulks are used they should be at right angles 
to the alley’s. Wood in the foundations should be thoroughly 
sound and woll-beasoned, and, if practicable, it should be treated 
with croosoto or other wood preservative. If species susceptible 
to powder-post beetle attack are used for the foimdations of 
hardwood stacks the timbers shoiild be absolutely from 
sapwood, otherwise infection in the foundations may spread, as 
drying progresses, to the timber in the stack. This precaution 
is not of the same importance in stacks of softwood timbers 
because all softwoods are immune to powder-post beetle attack. 
For {wrmanont foundations consisting of baulks of wood, it is 
well worth while considering the possibility of a damp-proof 
course immediately under the baulks : an excellent method 
would be to provide concrete footings, and to bed the baulks to 
these with a bituminous mastic. The height of the foundations 
should be governed by the nature of the floor : a height of 8 to 
12 in. is suflicient with concrete floors, but not less than 18 in. 
is desirable with earth floors. The foundations of open-air stacks 
should be sloped to permit of rain running off the top boards or 
planks in a stack, instead of soakiiig into the timbers below. 
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Unless solid baulks of timber, at right angles to the length of 
the stack, are used, a system of longitudinal members, or piers, 
with cross pieces or stringers, is necessary. For the cross pieces, 
metal rails are best as they interfere with air circulation least ; 
they should be at right angles to the length of the stack, and 
should be covered with strips of wood to prevent the bottom 
layer of the stacked timber from coming in contact with the 
metal. If a stack is to be a large one, or if stickers are to be 
closer together than the spacing of the foundation piers or timber 
baulks, it is important to distribute the weight evenly over the 
foundations, and not over the bottom layers of timber in the 
stack. This can be achieved by a system of bearers and cross 
pieces, of sufficient strength to carry the weight above, between 
the foundations and the bottom row of timbers in the stack. 

The dimensions of stacks miist be kept within certain limits 
to secure rapid and uniform drying, and to avoid the risk of 
stagnant air accumulating in the centre of the pile : a cause 
of unequal drying, and sometimes leading to fungal infection. 
Twelve feet is recommended as the maximum width for ttacks, 
and two feet as the minimum width of x>assage ways. Excessive 
height is to be avoided for similar reasons, and there is the added 
disadvantage that tall stacks increase handling charges. Sixteen 
feet is suggested as a reasonable maximum, but unless mechanical 
elevators ore used, or the calls on yard space are particularly 
pressing, a stack should be under rather than over this height. 
Wide stacks are to be avoided in countries where termites (white 
ants) abound : there is a risk that termites may break through 
the foundations and attack the timber in the pile. Wide stacks 
make inspection beneath more difficult, and in such circumstances 
attack may go undetected for a long time. 

In practice, the nature of the output of a mill often determines 
the size of stacks. Where the output is varied as to species, 
qualities, and sizes the stocks carried of any particular “ item ” 
are probably sufficiently small to impose reasonable limitations 
on the size of stacks. On the other hand, a yard or store con- 
fining itself to a few timbers, in two or three sizes, will have to 
arrange to distribute the out-turn in stacks of suitable dimensions. 

Circulation of air through a stack is secured by separating the 
successive layers of timber by strips of wood knowrn as sticken, 
the thickness of which r^ulates the rate of air-flow. The stickers 
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should be of sound, seasoned timber and, to avoid indentation of 
boards in the lower part of the pile, not of a harder i^pe than 
the timber in the stack. The use of softwoods for this purpose 
is a safeguard against the introduction of powder-post beetles 
through infected stickers {vide also the discussion in para. 3, 
page 227). When a stack is dismantled the stickers should 
receive as much consideration as is given to the seasoned timber ; 
they should be collected, bundled, and stored for further use. 
Proper sticker drill in the seasoning yard is well worth attention : 
the issue of stickers and their return to stock should be organized 
as for any other stores. It is common practice to use the lowest 
grades of wood for stickers, but this is a very short-sighted policy, 
since stickers are then always lightly regarded, and wastage is 
high. One-inch boards, piled with 1 in. stickers at 2 feet centres, 
give a sticker volume of about 4 per cent, of the timber in a stack: 
if stickers are used only once such wastage will be seen to represent 
an appreciable additional cost per cubic foot of timber handled at 
a time when even the lowest grades of wood are worth not loss 
than 10s. per cubic foot sawn. Many ^oars ago one firm bought 
prime American black walnut for conversion to stickers, and found 
the outlay well worth while with a sticker life of fifteen years or 
more. 

The most suitable thickness for stickers depends on the thick- 
ness of the timber to be beai>oned, its drying qualities, and the 
season of stacking. For thin stock, of species not subject to 
serious degrade in seasoning, in. stickers are suitable, but 
thick planks of species that are incimed to split or surface-check 
badly may require stickers as thin as | in. The time of the year 
that stacks are built should also be taken into consideration : 
oak piled for the first time in autumn can saicly be stacked with 
stickers of greater thickness than would be suitable for newly 
converted oak stacked for the first time in the late spring or 
summer. To secure rapid drying, the thickest stickers that 
experience has shown can be used with safety should always be 
employed ; it is doubtful, however, whether stickers more than 
2 in. thick secure any further acceleration in the rate of air 
drculation. Stickers should be no wider than is absolutely 
necessary, as the area of timber in contact with them is hindered 
from drying at the same rate as the remainder, and, in certain 
timbers, such covered portions may become stained Too narrow 
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stiokerB, on the other hand, cstue indentation and, for this reason, 
the width should never be less than the thickness, and for really 
soft timbers it may need to be greater. A maximnm of 2 in. in 
width should, however, suffice for the most easily bruised timber. 

The stickers at the ends of a stack should be wider than the 
remainder and should project about ^ in. beyond the ends of the 
stacks. By this moans a buffer is provid^ against the rapid 
drculation of air over the ends of the timber, and a considerable 
amount of end-splitting is prevented, t'urthermore, stickers 
should project slightly beyond the sides of sidewise-piled stacks 
to protect the timber from being bumped by traffic in the passage 
ways. 

Stickers impede the circulation of air and, therefore, should not 
be unnecessarily numerous ; on the other hand, an insufficiency 
of stickers results in the sagging of boards and planks. The 
distance between stickers dejiends on the thickness of the stock 
and its liability to warp ; } in. boards require stickers 2 to 3 feet 
apart, but planks of 2 in. and upwards are usually sufficiently 
8up}K>rtod by stickers 4 to 8 feet apart, the spacing inciftasing 
with increase in thickness of the planks. 

Plate 46 illustrates the important details of stack construction ; 
it is not, of course, suggested that timbers of such var\ing thick- 
nesses and classes as those in the “ model ” stack should piled 
together, but the model was assembled to illustrate as many 
points as possible with the strictly limited amount of timber 
available to a research laboratory. It may be observed that the 
stickers are in vertical rows ; this arrangement is essential to 
avoid unequal stresses on the lower lasers of timber, which wotdd 
inevitably result in a considerable amount of bowing. (See also 
Plate 47.) As far as possible, the timbers in a staek should be of 
uniform length, but when this is not practicable the longest pieces 
should be at the bottom ; projecting ends must be supported as 
in Plate 46. Further, in any one row, all timbers must be of the 
same thickness, otherwise the thicker pieces cany the weight of 
the whole stack above them. Other points in stack construction 
are that the top layw of timber, and all projecting ends, should 
be coveted with thin, dry boards, or, if in ui open yard, by a raued 
roof ; that thin-dimensional stock should be weighted by laying 
heavy baulks of seasoned timber on the top of the stacks, to 
prevent bowing and cupping. Timber should be stacked with 
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stickers as soon after sawing as jKissible ; dose piHng, t.e., without 
stickers, even for a few days, is a fruitful cause of staining, and, if 
prolonged, it may result in serious losses firom fungal decay. 

A specid form of piling, often adopted for hardwoods in 
England and in certain continental countries, is illustrated in 
Plate 46. In this method, each board is piled in sequence as out, 
and the log is sold as a unit. The advantages claimed for this 
method of piling are that the merchant is not left with narrow 
widths and defective boards, and, with figured woods, ** matched ” 
material is kept together. Incidentally, Plate 47 illustrates many 
of the “ mistakes ” discussed in previous pturagraphs : the baulks 
of timber as foundations effectively impede air circulation, the 
cleats nailed to individual boards will encourage end-splitting in 
such boards, failure to “ weight ” the top of the stacks has resulted 
in distortion of the uppermost boards, and the rubbish lying about 
is increasing the fire hazard and providing a breeding-ground for 
insects and fungi. 

Timbers liable to discoloration, e.g., sycamore, are frequently 
seasoned by stacking on end, thereby avoiding the use of stickers; 
and baulks, sleepers, squares, etc , are usually “ self-piled ” in 
various ways, the essential feature of winch is that some of the 
pieces of timber act as stickers A suitable method for rapid 
drying of sleepers, and short lengths of timber of similar dimen- 
sions, is illustrated in Plat^ 46 item 8 ; long baulks should not 
be stacked in this maimer because of the risk of their bowing. 

*' Self-piling *' is a common practice with softwood timbers in 
Scandinavian countries ; in this method timbers of the same 
dimensions as the remainder of the stack are used as stickers, 
often with no greater distances between the “ stickors ” than 
between the pieces of timber in the rows above and below. Unless 
the pieces used as stickers ore short lengths, the stacks are too 
wide to secure a uniform rate of dr]ring in the whole pile. When 
used for boards stacked flat, the method is obviously inferior to 
piling with proper stickers. But planks are firequently piled on 
their narrow face, the distance between the rows being the width 
of the planks, t.e., one row of planks is laid flat, the next on their 
narrow faces, and the succeeding row flat, and so on. In this 
way the distance between tite rows may be 6, 7, 8, or 9 in., and, 
if the planks are only 2 to S in. tluck, a relatively small area of 
timber in the stack is oovwed up by other green material. Such 
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Am Skasonino or Timbbb 
Points Uiuatrated in Plate 46 

1. Level foundations which raise the pile well off the ground. 

2. Stack not more than 6 ft wide. 

3. Filing sticks (-stickers) in vertical lines and the support 
of short lengths and overhanging pieces. 

4. Weather-tight sectioned roof. 

6. 2 in. oak with | in. sticks to reduce rate of drying and 
prevent checking. 

6. 2 in. beech with flush stickers, overhanging stickers and 
coatings to reduce end-checking. 

7. Method of building sample board into pile. 

8. Piling of sleepers and large-sectioned stock of ‘free-drying 
timber for rapid seasoning. 

9. Squares piled in stick and self-crossed. 


an arrangement ensures rapid drying of the surface of the timber, 
a very necessary condition if blue-stain *’ is to be avoided in 
European redwood, but it is too drastic for many timbers and 
might give rise to serious surface-chocking. 

If timber has to be stored on a building site for any but a 
very short period it should be built into temporary, roofed stacks. 
This is equally imirartant, whether the timber is partially or fully 
seasoned when delivered. If partially seasoned, piling with 
stickers will ensure that some seasoning will occur on the site ; 
that is, the best use will have been made of the interval between 
delivery and use. If the timber is seasoned when received it is 
imperative to keep it covered so that it will not become wetter 
before it is required ; joinery should not only be under cover, it 
should be stored in a weather-proof shed. 

It is common practice to close-pile softwoods on arrival in this 
country, and serious consequences have not resulted in the past 
from this practice, at least with European redwood. It has, how- 
ever, been generally recognized that deck cargo that has become 
wet in fransit cannot be so treated — it must be properly stacked 
until dry. Prior to 1932 dose-pihng was permissible because 
most of the imported timber came from northwn Europe, and 
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had been stacked for some time before shipment ; it was more 
or less air dry. Piling prior to shipment is not nsnal on the 
Pacific Coast : the timber, unless kiln-dried, tends to be shipped 
as cat, which may be the day of shipment. Such green timber 
may escape harm in transit, but unless properly stickered on 
arrival in this country it may well develop dote over here, and 
it certainly will not diy out if close-piled (see also the discussion 
of dote on pages 212 and 213) 

End pr(Aection. — ^End protection is provided by coatings 
of vanous, more or less waterproof, substances, or by strips of 
wood or metal nailed to the ends of timber. Strips or cleats of 
wood are thoroughly bad for any timbers but thick planks, because 
the small longitudinal shrinkage of the atrip is opposed to the 
much greater transverse shrinkage of the timber, with the result 
that shrinka ge is restricted between the points of attachment of 
the strip, and end-splits frequently develop in the pieee of wood. 
Splitting will almost invariably occur in timber up to 1 in. thick 
if wooden cleats are used, but planks 3 in. or more in thickness 
may not suffer any harm unless incipient splits are present before 
the cleats are attached ; in these circumstances, however, the 
cleats are likely to be ineffective in preventing the splits from 
developmg. If end protection is provided by a thin strip of metal, 
e g,, hoop iron, the metal buckles concertina-fashion as the baulk 
shrinks and end-splitting ip«y be avoided S-shaped pieces of 
iron, driven mto the ends of baulks of timber, are effective in 
preventing the development of splits that have already occurred, 
or in reducing the amount of splitting that would occur were 
no protective measures taken. More satisfactory than wooden 
cleats or iron ones, is the use of an end-coating, the essential 
qualities of which are impermeability to water and air, a semi- 
liquid state to permit of its being applied with a brush, and a 
capacity to burden on exposure so that it will set and not fiake 
off when the timber is roughly handled. Many substances and 
mixtures fulfil these conditions so that choice is mainly one of 
expediency. Wax is an obvious possibility, but cost, and the 
necessity of having to apply it hot, make it unsuitable. Ihe 
United States Forest Products Laboratory recommends a mixture 
of one part asbestine and one peurt barytes to two parts of hardened 
gloss oil ; a gallon of the preparation bong snffident for 100 square 
feet. A very snooessfid miiture coqM ol 
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onbumt brick day and ground dammar (a resin compound soluble 
in petroleum spirits) in equal proportions, with sufficient paraffin 
to permit of spreading the mixture. The proportion of day may 
be'increased to about 55 per cent, to reduce the cost of the pre- 
paration. Clay or chalk, mixed with dung as a spreading medium, 
has also been used, but fine mud without a binding medium fiakes 
ofi! too easily to be of value. Various proprietary petroleum 
waxes are available on the market ; they usually have the 
advantage over ordinary waxes, in that they can be applied cold, 
and they are more or less transparent. Sheets of plywood nailed 
over the ends of a stack to the projecting stickers ate a cheap 
compromise, but they interfere with the circulation of air along 
the stack and may slow down the seasoning process too much 
for all but the more refractory timbers. 

KILN SEASONING 

Kiln drying is effected in a closed chamber, providing 
maximum control of air circulation, humidity, and temperature. 
In consequence, drying can be regulated so that shrinkage occurs 
with the minimum of degrade, and lower moisture contents can 
be reached than are possible with air seasoning. Tlie great 
advantages of kiln seasoning are its rapidity, adaptability, and 
precision. It also ensures a dependable supply of seasoned 
timber at any season of the year ; and it is the only way that 
timber can be conditioned for interior use requiring lower equi- 
librium moisture contents than those prevailing out-of-doors, or 
in unheated sheds. 

There are other advantages gained by kiln diymg. In properly 
operated kilns, every piece of timber in a kiln load can be dried 
to a uniform moisture content throughout. Moreover, the drying 
process also sterilizes the timber : the temperatures used, and the 
humidities maintained in a kiln, are lethal to any insect or fungus 
present in the timber when placed in a Idln. Such sterilization 
does not, of course, protect the dried timber against fresh infesta- 
tion after removal from the kiln. Further, the resins or gums in 
certain woods ate to a large extent set or hardened in kiln drying, 
so that the rii^ of subsequent bleeding ” from finished surfaces 
is reduced. On the other hand, errors in the technique kiln 
operation may have serious consequences : seasoning degrade 
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can be maipiified, and whole oonsigiiments of timber hopelesely 
spoiled, by improper kiln drying. 

It is neoesaary to regulate kiln drying to suit oiroumstanoes : 
different timbm and dimensions of stock require drying <at 
different rates. As a general rule, softwoods can withstand more 
drastic (hying conditions than hardwoocis, thin boaniB than thick 
planks, and partiaUy dry stock than green timber. There are 
limitations as to the dimensions that can be kiln-seasoned 
economically : unless timber is previously treated with certain 
chemicals, so-called salt seasoning or chemical seasoning {vide 
page 192), kiln drying is only suitable for material up to about 
3 in. thick : above this figure the rate of drying would have to 
be BO slow, to avoid serious seasoning degrade, that the method 
would be altogether too expensive. On the other hand, the 
occasions when large-sized timbers are required uniformly dried 
to low moisture contents of around 12 per cent, are extremely 
fevr so that restriction to the smaller maximum dimensions 
suggested does not really impose limitations of practical com- 
mercial importance. 

In the past, stnadard drying schedules have often been 
employed, irrespective of the species, dimensions, or condition 
of the timber to be seasoned, and. too often, kilns have been 
little bettor than hot ovens. In such circumstances kiln drying 
can be thoroughly unsatisfaetorv, resulting in serious damage to 
the timber. Such malpractices are undoubtedly at the root of 
many objections still levelled against kiln drying, whereas exten- 
sive tests show tlmt, if properly curried out, kiln seasoning is 
not only as successful as air seasoning, but in many respects is 
superior. For reasons of economy, it is common practice to air- 
dry timber initially, and to complete drying to the required final 
moisture content in a kiln. Provided air diy ing is done properly, 
the combination of air and kiln drying is not open to any objec- 
tions, and should prove much more eLonomical than kiln drying 
from green : 1-in. oak, kiln-dried from green, will have to occupy 
a kiln from 6 to 6 weeks if degrade in dr 3 ring is to be avoided, 
and throughout this time consumption of fuel and power is in- 
curred. The same timber, first air-dried to just below the fibre 
saturation point, should not require to be in a kiln for more than 
hidf the period. 

A kiln consists of some form ot more or less air-tight shed. 
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fitted with heating apparatus, a supply of water or steam sprays, 
and, in some types of kilns, artificial means of accelerating air circu- 
lation. One of the greatest problems in kiln construction is the 
reduction of heat losses to a minimum. To this end cavity walls 
of brick or tile are generally used, and the interior surfaces are 
painted with some water-proofing substance. The doors are of 
wood or metal of several designs that aim at securing a tight fit. 

The usual method of supplying heat to kilns is by a system 
of steam-heated coils over which the air passes before circulating 
through the stacks of timber. Other methods of heating could 
be used but steam is particularly suitable as it is easily regulated, 
and in many saw-nulls it is available from the burning of 
wood waste. Sjiecial types of furnace-heated kilns have been 
developed in recent years ; these will be discussed after the more 
conventional types of kilns have been described. 

The humidity of the air can be controlled by regulating the 
temperature, by admitting water or water vapour, or by changing 
the air through removal of saturated air from the kiln and replacing 
it with fresh air from the outside. In practice the maniptilation 
of temperature alone is seldom sufficient, and a system of water 
or steam sprays, and inlet and outlet air ducts, are installed. 
The circulation of air is secured by " natural-draught " or 
mechanical moans. The former method is dependent on tem- 
perature differences at different levels in the kiln, which cause 
air currents to be set up. Forced circulation is obtained by means 
of fans or blowers. Natural-draught circulation is sometimes 
further stimulated by the suitable arrangement of the steam or 
water sprays. 

In theory the air in a kiln can be used indefinitely, if there is 
some means of do-humidifying it after it has passed through the 
timber. In practice some of the moisture is removed from the 
air by condensation on the walls of the kiln, but it is usual to 
arrange for a portion of the moisture-laden air to be drawn off 
and replaced by an equivalent amount of fresh air from the 
outside. The escape of used, humid air, and the introduction of 
fresh, relatively dry air, is usually designed to take place through 
special outlet and inlet channels, but a certain amount of inter- 
change occurs as a result of natural leakage. 

The rate of drying in different parts of a kiln varies, because 
the temperature of the air and its relative humidity vary at 
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different levds, and arrangements have to be made to oounteract 
this as £u as possible. One method is to inerease the rate of 
circulation, so that there is less opportunity for the air to become 
saturated before it has passed through the stack. Where 
artifidid means of accelerating air circulation are not installed 
the same effect can be obtained by keeping down the size of the 
stacks of timber, or alternatively, the direction of circulation 
may be reversed by means of a double set of outlet and inlet 
ports, coils, and sprays. 

It is important to follow the conditions of the air in a kiln 
closely during a run, and also the progress of drying in the timber. 
The first can be done by moans of wet and dry bulb thermometers 
(hygrometers) (Fig. 30) suitably placed in the kiln, and illuminated, 
so that they can be read from outside the kiln. With readings of 
the two tljermometers, the relative humidity of the air in a 
kiln is found by reference to appropriate tables or charts. Sel.'- 
recording instruments are sometimes used in place of simple 
mercury thermometers ; these incorporate inked pens, and charts 
(graph paper so ruled that the relative humidity is read direct). 
Such instruments are an essential part of a fully automatically 
operated kiln, and they provide a very useful record of condi- 
tions in a kiln throughout the entire run, but unless very care- 
fully maintained — and they are delicate instruments — they have 
certain disadvantages in comparibon with the simple mercury-in- 
glass thermometers. They are costly, relatively sluggish, and 
easily damaged by rough handling of the pens when changing 
the charts. Precautions are necessaiy in siting hygrometers in a 
kiln to ensure that they give a correct picture of the condition 
of the circulating air. A minimum of two instruments is essentia], 
so placed that the state of the air, both as it enters and leaves 
the pile of timber, can be read. When only one instrument is 
used, control of the kiln is not inficoquently determined from the 
condition of the air leaving the timner, when serious iwiH tAlrpB 
can be made. Such air will have a lower temperature and higher 
relative humidity than fresh air admitted into the kiln and heated 
before circulation. If the conditions of the moment call for air 
of the temperature and humidity of that leaving the timber, the 
actual air circulated is liable to be too warm and too dry, causing 
too rapid drying, with the risk of serious seasoning degrade. 
Instruments must be at least 6 in’, from any wall so that they 
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axe in the path of the main air-flow. To enable hygrometen 
inside the kiln to be read from the ontside port-holes should be 
im>Tided in the end walls of a kiln, and electric lighting for 
illnmination of the instruments : frequent opening of kilns to 
read instruments would be extremely wasteful of steam. Low- 
powered field glasses or opera glasses should be used for taking 



Fia 30. — A standard type of \iet and dry bulb thermometer 

By caurUty ofths Bvredof, FJ* B L . Pnnett Biiborough 

readings. Thermometers graduated in degrees centigrade have 
been found rather easier to read than Fahrenheit thermometers. 
All hygrometers require maintaining in good order ; with the 
simple mercury-in-glass type, this merely involves maintaining 
the water level in the receptacle, and the syphoning wick, in 
perfect condition. Distilled water should be used, and the 
calitettion of the instruments should be checked annually. 

Progress of drying in the timber should be followed by means 
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of “test” ot *' wmjfib boards At the oommenoement of a nut, 
the moisture oontent of the parcel as a whole should be deter- 
mined from a sufficient number of samples by the oven-dry method 
described on page 84. The boards or planks from which the 
samples are taken also serve as “ sample boards ” for following ^e 
progress of drying. After the moisture-content samples have been 
out from either end the remaining length of each board should be 
at least five feet. The sample boards should be immediately 
weighed and returned to the pile, but so distributed that th^ 
will provide a picture of the progress of drying in the whole 
consignment. The stickers above the boards are notched so that 
the boards can easily be withdrawn for periodical weighing, and 
then be replaced. The weights of the boards, at the selected final 
moisture content, are arrived at by calculation, as explained on 
page 84. Intermediate weighings give, by calculation, the 
moisture contents of the moment, and the progress of drying is, 
therefore, followed closely. The drying schedule can be modified 
according to whether it is revealed that drying is too rapid or 
too slow. 

In spite of reasonable care it is possible for drying stresses to be 
sot up in the course of a kiln run, sufficiently serious to cause case- 
hardening or honey-combing,^ if not actual visible splits or checks. 
When such stresses are suspected, and also as part of the routine 
study of drying progress, the consignment should be tested for 
such stresses. For this puri>use, strips or prongs from test pieces 
cut from the sample boards are used, vide Fig. 31. Cross sections 
I in. thick, cut 9 in. or more from the ends of the sample boards, 
provide the tost pieces. For the “ strip ” test pieces the cross 
sections are cut into four equal strips, parallel to the original 
surfaces of the boards, as in Fig. 31, a. Alternatively, the outer 
strips can provide the prong-shaped test pieces by cutting away 
the middle portion to within 1 in. of one end, as in Fig. 31, 6. A 
study of the behaviour of the strips or prongs will indicate the 
nature and extent of the drying stresses. In the early stages of 
drying, tension stresses tend to be set up in the outer layers of 
the wood. At this stage the strips and prongs will imme^tely 
curve outwards when cut, as in Fig. 31 (ii). When the samplm 
are allowed to dry for 12 to 24 hours, to a uniform moisture 
content, the slightly wetter inner faces of the strips or prongs 
* For defiiutioiis of then temis see page S06. 
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^ shrink more thw the outer faces, and, if permanent stresses 
hare occurred, the strips or prongs will eventually bend inwards, 
as in Fig. 31 (iii). At a later stage in drying, the behaviour of 
the test pieces is different. By this time the stresses become 
re^raed in the wood, and the core is in tension while the outer 
layers are in compression. Test pieces cut from boards in this 
condition will immediately curve inwards, and, when allowed to 
dry to a uniform moisture content, the extent of curvature will 
be increased. When no permanent set has ‘Occurred the strips or 
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Fig. 31. — ^Fiongb ur stiipq used in testing for drying stresses 

By rourUty of the Director, f I* U L ^ Princes Hisbotough 


prongs will become parallel, as in Fig. 31 (i), on reaching a uniform 
moisture content, that is, after 12 to 24 hours’ exposure to normal 
atmospheric conditions. If tests reveal that serious drying stresses 
have developed, the drying schedule must be modified to relieve 
these stresses ; this aspect is discussed in the section on kiln 
operation. 

It was necessary to dilate on the importance of correct piling 
technique in air seasoning ; correct and careful piling is of no 
less importance in kiln seasoning, and the trouble taken is always 
justified because the appearance and quality of the load at the 
end of a run will be superior, compared with a poorly piled load. 
With very few exceptions, piles must be built with stickers as 
for air seasoning — the exceptions are certain classes of dimension 
stock. The stickers should be selected from dean, dry timber. 
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and finished 1 in. by 1 in., or for thin boards 1 in. by } in. Soft- 
woods, except larch, and hardwoods not inclined to waip of 2 in. 
and upwards in thickness, should have stickers spaced at 3 fiset 
centres ; for boards, t.e., material less than 2 in. thick, the spacing 
should be reduced to 2 feet. Two-inch material of larch, beech, 
birch, and other timbers that tend to warp appreciably in drying, 
should have stickers spaced at 2 feet centres, and for boards of 
these species the spacing should be reduced to 18 in. centres. 
Still more refractory timbers, e.p., elm, should be piled with 
stickers at 12 in. centres. 

The same precautions must be taken regarding the alignment 
of stickers in vertical rows as in air seasoning, and loads must 
be distributed to the foundations by means of a system of cross 
stringers and bearers when the stickers are spaced closer together 
than the distance between the main supports of a stack. Special 
supports must be provided for long boards that overhang the 
ends of a stack. Stacks of boards may be weighted to advantage, 
to reduce distortion in the upper rows of a stack ; concrete slabs 
are suitable, but ferrous metal weights must not be used with 
timbers such as oak and chestnut because the taiuiin in these 
woods may load to serious staining when brought in contact 
with iron in a humid atmosphere. 

Construch'on of kilns . — Concrete floors and footings, with 
provision of drainage for the floor, are recommended. Eleven-inch 
brick cavity-wall constructica is probably the most economical 
form of walling ; slight ventilation of the cavity is desirable. 
Reinforced concrete, with provision for thermal expansion, is 
suggested for the roof of the kiln. The roof of a double-stack 
kiln will require supporting on steel joists. An independent Ught 
roof to protect the kiln, air outlets, motor, etc., from the weather, 
and also to permit of additional insulation of the kiln roof with 
sand or sawdust, is strongly advised. 

Doors can be a serious source of h'^at loss ; side-hung doors, 
with heavy stiles and rails, have been proved unsatisfactory. 
The authorities at Princes Risborough recommend a centre-hung 
door, constructed with a timber frame, an inner sheet-metal face, 
protected by paint from corrosion, with an air gap for insulation 
between this and the outer face of resin-bonded or other water- 
proof plywood or matchboarding. Further provision against heat 
loss is secured by } in. wide felt str^ between doors and jambs, 

N 
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with clamps around the edges so that the door can be palled up 
hard against the jamb. 

Of the two types of forced-draught kilos, the extonud-fan 
kiln is more compact than the internal-fan type, and the regulating 
apparatus is particularly accessible, but the air is admitted and 
withdrawn at the same point, so that unless baffles and dampers 
are carefully arranged there is a risk of the air circulation short- 
circuiting. 

Type of Min. — ^There are two main types of timber-drying 
kilns, namely, progressi7e and compartment kilns : the former 
are almost always operated by the “ natural-draught ” method, 
but the latter may be natural- or “ forced-draught ” operated. 

Progressive Mins. — ^In progressive kihis green timber is 
admitted at one end and moved gradually to the other, where 
it emerges dry. The air flows in the opposite direction to the 
movement of the timber, so that the material that has been 
longest in the kiln receives the hottest and driest air. In passing 
through the piles of timber the air absorbs moisture, which 
increases its relative humidity and lowers its temiieraSure, so 
that at the loading end the wet timber comes in contact with 
relatively cool, humid air. The severest drying conditions are, 
therefore, at the exit cud, wheve the timber is best able to accom- 
modate itself to them, and the mildest at the loading end, where 
the timber is lewt able to stand up to rapid drying. After 
circulation through the length of the kiln, part of the air is 
discharged into the atmosphere, and the remainder returns 
below the floor of the kiln to be re-circulated. Fresh air is 
admitted at suitable openings to compensate for the amount 
discharged, and this, mixed with the returning cool air, is heated 
prior to circulation through the timber. Fig. 32 illustrates the 
principal points in the design and mode of operation of a natural- 
draught, progressive kiln. 

The uses of progressive kilns are limited since their successful 
operation depends on a steady supply of timber of the same 
species and dimensions. The reason for this is that the drying 
conditions cannot be modified as each new load is added, and 
while the kiln still contains partially dried loads of a particular 
typo. In addition to lack of flexibility, progressive kilns cannot 
be regulated with great precision, and this renders them unsuit- 
able for timbers that are difficult to season. Further, as the 
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main air*flow is longitudinal the timbeir should be piled at right 
an^es to th9 length of the kiln (to ensure uniform drying) uid 
this restricts progressive kilns to short stock unless kilns of great 
width are provided. The advantages of progressive kilns are 
held to be that, once placed in efficient operation, they require 
less skill to run, and the output is more or less continuous, 
compared with compartment kilns. 



sectional elevation 


Fio. 32 — ProgroBsive kiln 

By oourfMy o/ Ihreetor, PPRL, Prweet RUborough 

CompartmevU kilns, — A companment kiln, like a progressive 
kiln, consists of a cIommI chamber, but it differs in operation in 
that the timber remains in the same position in the kiln through- 
out the drying period, the temperature and humidity of the 
circulating air being constantly chamged. Such IHlnn may be 
operated by the natural-draught or the forced-draught methods. 
The air may be circulated cross-wise firom top to bottom of the 
kiln, or vice versa, or from end to end ; and the circulation may 
be reversible. The timber may be stacked on edge, when the 
maun circulation is usuadly op through the stack and down the 
sides of the kiln. * oc flat-piled, when the circulation is up one 
side, across the staMsk, and down the other side. Flat piling, the 
more oommon method, is sometime auranged wif^ a central flue, 
the air travelling up the flue amd circulating to either side. 
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ConditioQB at the oommenoement of a ran ate mild ; that is, 
the relative homidity of the lur in circulation is high and its 
temperature is low. As drying proceeds the temperature is raised 
and the humidity is reduced, and, as a result, the drying con* 
ditions become more severe, but are kept within bounds to 
prevent degrade of the timber. 

The great merit of compartment kilns is their flexibility in 
operation, coupled with the fact that they can be designed to give 
precision of control. Flexibility is desirable when the out-tum of 
a mill is constantly changing, both in species and dimensions of 
stock ; and maximum control of drying conditions is essential 
for the successful drying of difficult timbers. In effect, compart- 
ment kilns are to 1^ preferred to progressive kilns in all but 
special circumstances ; in practice the special circumstances are 
mills producing continuous supplies of a single timber, of one 
thickness. 

Fig. 33 illustrates a natural-draught compartment kiln, with 
a central flue in which steam-jet humidifiers assist air circulation 
to some extent. Fresh air is admitted in the basement, and, 
after passing over heating coils, circulates ria grids running the 
length of the kiln between the stacks of timber. The air is 
humidified at the floor level and it then rises, passing through 
both stacks to fall between the timber and the walls of the kiln. 
Some of the used air escapes at floor level via the chimneys, and 
the remainder falls to the basement where it mixes with fresh 
air before re-circulation. 

This particular type of compartment kiln is not suitable for 
very wet timber : the circulation is slow and uncertain, and it 
is difficult to regulate, but the kiln is simple to construct, there 
is little about it to get out of order, and it can be made reasonably 
economical in heat and steam. This type of kiln is suitable for 
drying partially-seasoned stock, and for re-drying stock that has 
taken up moisture in the course of manufacture. 

Modifleations in design of natural-draught kilns have been 
evolved with a view to improving air ciroulation and providing 
facilities for more precise control. For example, kilnn are some- 
times fitted with cooling pipes through which cold water droulates. 
These pipes condense the moisture absorbed firom the timber by 
the circulating air and, since removal of this moisture is con- 
tinuous, more rajud circulation of air is secured than is possible 
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when de-hnmidifying of the w in s depends on admission 
of fresh air from the outside by means of hand-operated vents. 
Another type of kiln is the water-q^ray compartment kiln designed 
by Mr. H. D. Tiemann of the U.S. Forest Products Laboratory. 
In this type, water sprays are arranged in rows along the side 
walls of the kiln and heated air passes through them, and is 
cooled in the process until it reaches a state of saturation. The 
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Fi(>. 33. — ^NaturtM-draugbt compartraont kiln 
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saturated air is then re-heated, to reduce its relative humidity 
to any required figure, before circulation through the timber; 
by this means the condition of the air in circulation can be 
precisely controlled. Water-spray compartment kilns are, how- 
ever, complicated in design, and in operation, and they consume 
appreciable supplies of water and heat ; greater precision in con- 
trol can be secured with a good type of forced-draught kiln, and 
such kilns can be quite simple in design, besides being easier to 
operate than the water-siway type. 

Foroed-dtanght kilns may be of the external-fan or intemal- 
fan type. In tiie oxtemal-£an kiln the air is heated, humidified, 
and set in motion by apparatus located outside the kiln, whereas 
in the internal-fan type the heating, humidifying, and drcnlating 
ai^iaratus is situated inside the kim, either in the roof or base* 
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ment. Figs. 34 and 36 illustrate an intemal-fim kiln (donUe^tack 
pattern), the design of which was evolved at the Forest Products 
Research Laboratory, Princes Bisborough. The fans, heating coils, 
steam sprays, and used-air outlets, are situated in the roof, and the 
&esh air is admitted at floor level. This arrangement makes for 
economy in construction over basement-type kilns, while pro- 
viding reasonable accessibility, immunity from flooding, and ease 
of loading. The kiln illusiratod in Figs. 34 and 35 is undoubtedly 
one of the most efhcient and economical types of kiln at present 
available ; it embodies the results of extensive research and 
practical experience in operation of overhead, internal-fan kilns, 
having been developed at the laboratory from earlier prototypes. 
It probably offers more uniform air circulation than any kiln 
of this size yet designed, and it provides the maximum timber 
accommodation for a minimum of standard enginc'^ring com- 
ponents. 

The vridth of stacks in the double-stack kiln should be about 
5 ft 6 in. and should not exceed 6 feet. Allowing space for two 
stacks, a 2 feet centre corridor (the diameter of the fans), and 
inlet and outlet ducts, the maximum width of the kiln is 17 feet. 
The height from the bottom of the timber stack to the false 
ceiling of the kiln should not*' exceed 8 feet. If the volume of 
timber to be dried does not All the kiln the unused space must 
be blanketed off with curtains to prevent the circulating air firom 
short-circuiting over the tops of the stacks. 

Fans are required at intervab of 5 feet, and 2 feet is required 
between the ends of the stacks and the kihi doors. These require- 
ments impose a minimum economical length of 12 feet, and where 
this dimension provides too large a kiln for a mill’s requirements 
some other pattern is likely to be more economical. 

For mills requiring kilns of smaller capacity than the one 
described above — and in this country whore many thicknesses 
and species are handled by one mill this will often ^ the case — 
a smaller, cross-shaft, overhead fan kiln has been designed at 
the Forest Products Research Laboratory, vu2e Fig. 36. The 
aim has been to provide a highly efficient kiln with the minimum 
of metal constructional parts, as these call for skilled labour in 
erection. By substituting 3 feet diameter fims for the 2 feet 
diameter fans used in the double-stack kiln, and a completely 
reversible system of air oiroulation, it has been possible to increase 
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the width of the pile to 7 feet, and yet ensure uniform dr 3 dng of 
the whole load. Adding the 18 in. for inlet and outlet duets on 
either side, the maximum width of the feiln is 10 feet. The h^ht 
from the bottom of the stack to the false ceiling is 8 ft 6 in., and 
a dearanoe of 9 in. between the top of the pile and the ceiling is 
recommended. The whole length of the kiln may be utilized for 
timber, but in this case access doors to the side ducts should 
be provided. The length of the kiln can vary within limits to 
meet a mill’s needs, so long as adequate provision is made for 
drainage. 

Considerable latitude in the selection and design of the heat- 
ing arrangements is possible ; ordinary 1 in. steam piping and 
fittings have been found quite satisfactory. Details depend on 
the timbers to be dried, and the maximum temperatures likely 
to be reqidred : these and other points are set out in Forest 
Products Research Laboratory leaflet No. 18. 

Forced-draught compartment kilns have the great merit of 
adaptability for drying any kind of timber in any condition, and 
they can bo regulated with precision to suit all circumstances. 
Such kilns, however, are more costly to build, and complicated 
to construct and operate, than natural-draught kilns. 

Fumcice-hecUed kilns.— The progressive and compartment 
kilns so far described depend on steam for heating . several 
attempts have been made to utilize the heat from burning wood- 
waste direct to dry timber, and furnace-heated kilns, as they may 
conveniently be called, of proprietary manufacture have been on 
the market for some years. In their simplest form, relianoe is 
placed on moisture expelled firom the drying wood to provide 
suitable humidity conditions in the kiln, and not unnaturally 
this has often proved unsatisfactory for drying refractory timbers. 
The use of wood waste for fuel, and the elimination of a boiler 
and steam piping, are, however, obviously attractive points in 
a simple, inexpensive kiln. For thedt reasons attention was paid 
to the design of furnace-heated kilns in the war years both at 
the Forest Research Institute, Dehra Dun, and at the Forest 
Products Research Laboratory, Princes Risbotough. A kiln 
evolved at the latter laboratory is illusfrated in Figs. 37 and 38. 
This follows closely the design of the single-stack compartment 
kiln described above ; it is 20 feet long, and accommodates a 
trolley[-loaded pile of timber 6 feet wide. Air circulation is 
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secured with 8 feet diameter fans, reversible in operation, 
and driven at a speed of 600 r.p.m. by a 2 b.p. electric motor. 
Heating of the kiln is effected with 5 in. diameter wrouj^t-iron 
flue pipes and headers. The flue gases from the sawdust-burning 
furnace enter the heating system through a manifold, situated 
half-way along the length of the kiln, travel to the headers 
at either end, and return through the pipes to an exhaust 
manifold. 

Attention has been given to design of the furnace to ensure 
automatic feeding, steady burning, and constant heat output, 
and with a little experience on the pifft of the operator these 
ends are achieved. Unlike earlier patterns of furnace-heated 
kilns, reliance is not placed entirely on moisture expelled from 
the drying timber to maintain suitable humidity conditions ; 
high humidities are provided by means of a system of water 
drips. Hence, humidity control is not effected solely by mani- 
pulation of the air inlet and outlet ducts. A distributor tank 
feeds water uniformly tlux>ugh pipes to convenient points along 
the length of the kiln, where it flows into horizontal troughs. 
Arrangements are made, by means of V-shaped pieces of copper 
wire, bound with cotton bandage, for drips of water to fall 
directly on to the top surface of the flue pipe bolow. 

Separate consignments of 2-in. Douglas fir, 1-in. oak, and 
3-in. Scots pine have been successfully dried in a kiln of this 
design ; the Douglas fir from 60 to 17 per cent, moisture 
content in 9 days, the oak from 85 to 14 per cent, in 36 days, 
and the Scots pine from 17 to a 15 to 20 per cent, range in 15 days. 
In all oases it was not found possible to increase the humidity at 
the end of the run sufficiently to relieve the case-hardening 
stresses completely. In spite of this limitation, a furnaoo-heated 
kiln of this type obviously has considerable possibilities, and is a 
great advance on kilns similarly heated, but without provision 
for forced-air circulation or augmenting of the humidity by 
water drips. The Iriln is fully described in Wood, September 
1944. 

Choice of kiln. — ^The primary conditions for determining the 
choice of the type of kiln to be installed depends on such points 
as first cost, the volume of timber to be handled, the space avail- 
able for the kiln, the condition of the timber to be dried (».e., 
whether green or parti^y or fully air-dry), and the kind of 
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Fia, 37. — Longitudinal view of furnace hcatod kiln, and section 
through furnace 

By nmrtfty of the Dvreditr, B PRL, Pnneei Ruborough » 



Flo. 38. — Sectional vmw of furnace-heated kiln 

By eowUoy oftho Diraetor, F^JRJL , iViseef Ruborongk 
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timber. The speoial merits of the different types of IHln have 
already been indicated. 

Kiln in stal la tion involves considerable capital expenditure, so 
that first cost should not be allowed to weigh too heavily in 
the selection of a particular type of kiln : a higher cost 

may justify itself by proving more economical in the bng run. 
For example, the more expensive forced-draught kiln provides a 
greater out-turn per cubic foot of kiln space than the natural- 
draught type, and it ensures the maximum control of drying 
conditions, thereby reducing degrade in seasoning to a minimum. 
Either of these factors may well justify the higher initial cost of 
installation of a forced-draught kiln. Of the two classes of forced- 
draught compartment kilns, the external-fan type is the more 
compact, and the operating apparatus is especially accessible, but 
the internal-fan kiln, particularly if of the overhead variety, 
provides more uniform drying conditions and fewer problems 
in securing proper air circulation. The last point is all-import- 
ant ; a kiln constructed in accordance with a standard set of 
plans will present problems of its own before air circulation 
under working conditions is correctly adjusted. The conclusions 
reached, as a result of extensive research, indicate that the over- 
head internal-fan kiln has much to recommend it, and, when 
starting firom scratch, as opposed to modernizing an old-type kiln, 
it would seem inadvisable to ignore these findings. The double- 
stack and single-stack kiinn described and illustrated above have 
been proved satisfactory in commercial operation ; they are not 
unduly costly, and they are relatively simple both in construction 
and operation. 

Kiln operaiion. — Successful kiln drying is very largely 
dependent on the skill of the kiln operator : a poorly designed 
Ifiln will give better results in the hands of a good man than the 
most up-to-date and efficient kiln in unskilled hands. It is 
ftHnential to Confine any run to one species and one dimension of 
stock ; it is equally important to make proper use of kiln instru- 
ments, by siting them correctly and maintaining them in good 
condition ; and progress of drying must be followed by means 
of sample boards. Given these essentials, it is also advisable to 
use a drying schedule that provides a margin for error : typical 
iinhcd«1*M« for different timbers, published by the Government 
research laboratories, have been evolved from experimental 
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praotioe and provide each margins. Modifications may stIU be 
08tUed for : go^-qnalily material will tolerate more seveie drying 
conditions than poor-quality timber; quarter-sawn boards will 

more slowly, but with less d^ade, than flat-sawn material of 
the same species. 

Examples of typical drying schedules are given in Tables V 
and VI. In both schedules it will be seen that the initial tempera- 
ture is lower than the final temperature, and the initial relative 
humidity is higher than the final relative hhmidity. In effect, 
conditions in the kiln are made progressively more severe as 
drying proceeds. 

Temperature and humidity control in the kiln is effected by 
manipulation of heating coil and spray valves, with occasional 
adjustments of air inlet and outlet dampers. Economy in operation 
of kilns is dependent on making the maximum use of the moisture 
extracted from the timber for maintaining the required humidity 
of the circulating air. This is effected by allowing only very 
slightly more moistino to escape via the outlet ducts than is 
being extracted from the timber, the deficit being made good by 
comparatively small amounts of steam from the steam spray 
system. 

Warming up must not be too rapid because of the time lag 
in heating the wood to the recorded temperature of the air. 
Too rapid heating of the air in a kiln may result in conden'>ation 
of moisture on the surface of the timber, which takes appreciably 
longer to warm up. Too high temperatures in the course of a 
kiln run are to be avoided, as high temperatures may darken 
the whole consignment. Rapid cooling at the conclusion of 
the run is frequently possible, but there is a risk that the hot 
timber will heat the cool air entering the kiln, making it appreci- 
ably drier, and this may load to a renewal of case-hardening 
stresses or even splitting of the wood. It is suggested thal) a 
difference of 9‘’ F. (5° C.) between wet and dry bulb readings 
should be maintained in the initial warming period, until the 
desired dry bulb reading is attained, and a similar difference 
during cooling, until the dry bulb reading has dropped to about 
80* P. 

The behaviour of different timbers in kiln dr3ring varies 
enormously ; in general, softwoods are much less refractory than 
hardwoods. With the latter, it is common praotioe to partially 
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TABLE V 
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MUST NOT DABBBN IN OBIINO AND TOB THOSB WITH A TRONOUNOBD 
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76 

40 . . . 

no 

43 5 

100 
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ISO 
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air-dry the atock first, as otherwise the kiln nm is too long to be 
economical. Notwithstanding preliminary air seasoning, com- 
meroial kiln-drying schedules may occupy anything firom a few 
d^s to three weeks or more. 

CHEMICAL SEASONING 

Air and kiln seasoning are methods of drying wood, aimed at 
making the material more suitable for use. Chemical, or salt 
seasoning as it is sometimes called, has exactly the same object. 

Chemical seasoning rests on the principle that aqueous solu- 
tions of certain chemical substances have lower vapour pressures 
than pure water. By treating the outer layers of wood with 
certain salt solutions the vapour pressure of the contained moisture 
in these layers is reduced, which establishes a vapour-pressure 
gradient in the piece ; there is no immediate drjring in the surface 
layers. Further, the equilibrium moisture contents of such 
chemically impregnated timber are higher than the equilibrium 
moisture contents of untreated wood, vide Fig. 39. In copse- 
quence, it is possible to maintain a vapour-pressure gradient, 
and therefore movement of moisture outwards in the piece, while 
the equilibrium moisture content of the surface layers is above 
fibre saturation point. The risk of setting up drying stresses in 
these layers is thereby eliminated. In theory, the careful adjust- 
ment of temperatures and humidities subsequently ensures 
continued, uniform drying to the final moisture content required, 
at a faster rate than is possible in safety with untreated wood. 

Chemical seasoning involves treating the surface layers of 
green timber with a suitable chemical salt before the seasoning 
process is commenced. 

Many chemicals and combinations of chemicals have been 
tried, and such different methods of application of the chemicals 
as dry-spreading, soaking, dipping, and spraying. The out- 
standingly cheap chemical for chemical seasoning is common salt 
(sodium chloride), which is, however, bad from the corrosive 
standpoint, and because of the liability of the treated timber to 
sweat subsequently. Urea has neither of these objections ; it 
has been employed on a considerable scale, both experimentally 
and commercially. 

The depth of penetration of the chemicals in chemical seasoning 
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is usually not great : wet sapwood will take up the chemicals very 
quickly, but only the outer layers of the heartwood are affected. 
This is because absorption occurs by diffusion, which is rapid only 
if the moisture content of the wood is high enough to provide*’a 
continuous film of water within the wood into which the chemical 
can diffuse. 

When drying treated timber, as in a kiln run, a moisture 
gradient is set up as in untreated wood, but with the all-important 
difference that the equilibrium moisture contents of the treated 
outer layers are different from those of untreated wood. Move- 
ment of moisture from the centre to the surface of the wood 
occurs while the equilibrium moisture content of the outer layers 
IS well above fibre saturation point. This condition can be 
maintained for some time by constant adjustment of the relative 
humidity and temperature of the air in the kiln. By eliminating 
drying in the surface layers in the early stages, the whole consign- 
ment in a kiln can bo dried in relative humidities that would 
cause untreated wood to check. Large-size timbers, 6 in. by 6 in. 
and up, of Douglas fir, for example, will surface-check when dried 
by relative humidities as high as 90 per cent., whereas the same 
timbers, after chemical treatment, have been safely dried with 
relative humidities of 75 per cent. 

Chemical seasoning is most effective when the vapour pressure 
of the drying air is kept in equilibrium with the vapour pressure 
of the solution in the wood. This can be arranged, and yet allow 
the untreated interior to attain a moisture content in equilibrium 
with the drying conditions while the tieated layers remain above 
fibre saturation point. It will be seen from Fig. 38 that the 
equilibrium moisture content of treated wood is at fibre saturation 
point until the relative vapour pressure of air at 70*^ F. falls below 
about 0-77, and for such atmospheric conditions the equilibrium 
moisture content of untreated wood is around 17 per cent. The 
curves for other temperatures are, of course, different, but they 
show a similar relationship. It will be apparent that, by selecting 
a suitable schedule for a kiln run, chemically treated wood theo- 
retically can be dried almost to the final stage before the outer 
layers are dried below fibre saturation point, and seasoning stresses 
in the outer layers o6uld, therefore, be eliminated. 

Were wood to be dried so that the outer layers were still above 
fibre saturation point while the moisture content of the interior 

o 
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fell to 17 per cent., stresses would result in the interior sujBBoient 
to cause honey-combing. This has actually occurred in experi- 
ments with salt seasoning. It follows that cate most be exercised 
Uf ensure that, while eliminating drying stresses in the outer 
layers, sixesses in the interior are also avoided. 

Apaut from the seasoning of large-size timbers, the practical 
outcome of chemical seasoning rests on this : can a suitable 
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schedule be selected that is sufficiently fast to outweigh tb.e costs 
of the chemical used and the double handling that the chemical 
treatment involves ? Kiln-drying schedules that give perfectly 
satisfactory results have been worked out for untreated refractory 
timbers. Chemical seasoning must, in the circumstances, reduce 
the time of the run in terms of money, by at least as much as will 
be expended on the chemical treatment, for it to have any practical 
advantages. It is in this direction that the claims of chemical 
seasoning have yet to be proved. For example, with suitable 
drying schedules, urea is undoubtedly satisfactory, but with such 
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refractoiy timben as English oak, it has not been possible to 
leduoe the drying schedules sufficiently to justify its use on 
economic grounds. Complete success urith English oak has only 
been achieved with schedules no more drastic than those suitaUe 
for untreated material of this species. The occasions when really 
large-size timbers are required fully seasoned must be com- 
parativdy rate, and the fact that they can be dried only with 
the aid of chemical tieatments does not, in itself, bring chemical 
seasoning within the sphere of a practical seasoning method in 
ordinary circumstances. 

There is another aspect to chemical seasoning than merely 
chatig ing the moisture retention qualities of the surface layers of 
treated wood to permit of accelerating the drying process. This 
is the possible influence of the chemicals used on the hygroscopic 
properties of the cell wall structure. This aspect has been referred 
to as anti-shrinkage treatments. The theory ia that during the 
process of treatment, and subsequent drying of the treated wood, 
some of the chemicals used may diffuse into the fine structure of 
the cell wall. As drying progresses moisture is given up, but the 
chemical absorbed is deposited in the walls and prevents their 
normal contraction. It will be apparent that appreciable quui- 
tities of a suitable chemical must be used to have a marked 
influence on total shrinkage — once more it is an economic 
question. At the same time, it is obviously desirable to assess 
both the moisture retention qualities and the anti-shrink pro- 
perties of salts that may be used in chemical seasoning. 

But cost, moisture retention, and anti-shrink are not the sole 
criteria. The chemical selected should be soluble in water, non- 
poisonous and harmless to handle, and with good storing qualities ; 
it should not discolour the wood, nor affect such subsequent 
processes as painting, varnishing, and gluing. It must be non- 
crarosive to metals, as this would otherwise restrict the usefulness 
of the timber when dried, besides damaging the kiln in which the 
drying was done. Moreover, the dried, treated timber must not 
be (a) more recalcitrant to work with tools, (b) inclined to sweat 
when exposed to more humid conditions, (c) more inflammable, 
(d) more liable to inseot or fungal attack, and (e) the electrioid 
conductivity should not be increased. Some chemicals have fire- 
retardant and toxic properties, which enhance their usefulness. 

In ftwiclnMon, it is not inappropriate to quote from an American 
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publication, A primer on the chemical Hoaoning of Donglaa 
tiiat appeared as far back as November 1938 : “ In appraising the 
commercial significance of chemical seasoning a distinction must 
b6 between what the process will do under ideal conditions 
and what it will profitably do under average commercial condi- 
tions. To say that timbers of a given size can be chemically 
seasoned without surface checking is quite different from saying 
that treated timber of the same size can saS^ly or profitably be 
kiln dried in the average run of commercial kilns in a practical 
length of time. ... In kiln-drying the more refi'actory items 
after chemical treatment, a hair-trigger control of drying con- 
ditions is required which is not often attained in commercial 
kilns .” These truisms are no less applicable today, in spite of 
the knowledge and experience that has been accumulated in the 
intervening years. Chemical seasoning undoubtedly has wide 
possibilities, but it is not tbe panacea of every seasoning problem. 
Further, when comparing drying schedules for untreated timber 
with those recommended for chemical seasoning, it is imperative 
to know whether the same latitude has been allowed in fioth 
schedules. Drying schedules that have been published from time 
to time by Government research laboratories give the operator a 
margin for error. Such margins can by no means always be 
counted upon in schedules proposed by the enthusiasts for 
chemical seasoning. 

DRYING OF WOOD ELECTRICALLY 

The resistance of wood to the flow of electrical currents has 
been adapted for many years for measuring the moisture content 
of wood, vide pages 86 to 89. A development from this is the 
use of electricity for the diying and seasoning of timber. . Initial 
experimental work, involving the use of low-frequency currents, 
has not given encouraging results: excessive splitting has been 
the common experience, suggesting the impracticability of this 
method for drying. It is not difiScult to explain such excessive 
splitting : as wood dries it develops a very high resistance to the 
flow of an electric current, and consequently there is a consider- 
able output of heat. This heat still farther accelerates drying in 

Pubbotttion Na R 127S of the Forest Pioduete I«borstot]r, Madieon. 
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the immediate vicinity. In oonsequenoe, drying tends to be 
anything but uniform throughout the piece : the layers of wood 
immediately in contact with the plate or electrode dry out rapidly, 
while those further in are still wet. Such unequal drying sets up 
seasoning stresses, which are so pronounced that rupture of the 
tissues — or serious splitting — is inevitable. This, in point of 
fact, is the experience to date in the restricted amount of ex* 
perimental work that has been done in the drying of wood by 
low-frequency electrical currents. 

More recently, attention has been directed to the application 
of high-firequency alternating currents for drying purposes, and 
in plywood manufacture, for example, it may be said that high- 
fircqiiency heating — also called radio-frequency heating or di- 
elociric heating — has passed bej ond the experimental stage and 
is a proven) practicable commercial method for the setting of 
glues. The application of the method to dimension timber, t.e., 
boards, planks, and scantlings, has, however, been on a com- 
paratively small scale, and under laboratory conditions. The 
results to date have, however, been highly encouraging : there 
seems to be no question that timber in ordinary commercial sizes 
could be so dried, both rapidly and with the minimum of degrade, 
but it cannot be regarded as economically practicable on a com- 
mercial scale for timber, except in veneer form, in the foreseeable 
future, because of the very high capital cost of the electrical 
apparatus required, and the cost of electricity, compared with 
steam, as a source of heat. 

The theory behind the application of a high-frequency alter- 
nating current to the drying of wood is interesting, and it explains 
the freedom from seasoning degrade that the method secures. 
Certain substances are poor conductors of electricity, and when 
placed in the field of an alternating current of high frequency, 
they become hot. This is explained by the frequent re-alignment 
of the randomly arranged molecules of the poor-conducting sub- 
stance, inducod by the constant change in direction of flow of 
the electrical current : such changes in position, rapidly repeated, 
cause the generation of heat. Expressed diagrammatically, 
we may assume that the complex molecules of wood substance 
are arranged as in Eig. 40 {A). The molecules are then placed in 
the field of an alternating current of high frequency by means of 
two plates, or electrodes, placed on either side of the piece of 
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timber, conueoted up in a high-frequency field. When the 
ouxxent is switched on the molecules proceed to rearrange them- 
selves, taking up positions as in Fig. 40 (B). Alternation of the 
overrent, that is, reversal in direction of the fiow, results in realign- 
ment of the molecules as in Fig. 40 (C). The constant change in 
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Fig. 40. — Diagrammatic reprosentation of realignment of moloculos placed in 
a high-frequency held. (Drawn by T. W Paddon, Esq.) 

By eouTtety of the Cleaver^nume Prfnt 


direction of the flow of the electrical current, causing constant 
change in position of the molecules, results in the generation of 
heat. This heat in turn induces water movements in the wood : 
in fact, drying or seasoning proceeds. The great advantage of 
this method of drying is that from the commencement, all the 
molecules making up the wood substance of the piece, enclosed 
in the high-frequency field, are involved : heat is generated 
equally in the centre and in the outside layers of the wood. In 
consequence, moisture movements set up are not confined to the 
outer layers, as with low-frequency currents, and drying of the 
wood proceeds uniformly throughout. It follows that this reduces 
seasoning stresses to a minimum, and, consequently, degrade is 
eliminated. 






CHAPTER XI 


DEFECTS IN TIMBER 

Timber, being a natural product, is seldom entirely free from 
blemishes and other imperfections that tend to lower its economic 
value ; these are spoken of collectively as defects. A feature that 
in some circumstances is considered a blemish may, in different 
circumstances, be held to enhance the appearance of a piece of 
wood, when it would not of course be classified as a defect. 

Defects may be classified under two broad heads : natural 
defects, thabis, defects resulting from factors influoneing the grow- 
ing tissue of the living tree, and defects resulting from the activity 
of external agents or the subsequent treatment of felled timber. 
Defects caused by fungi and insects are discussed in separate 
chapters (Chapters XII and XIII). 

NATURAL DEFECTS 

Knots are, perhaps, the commonest type of defect in timber. 
As the tree increases in diameter it gradually envelops the bases 
of the branches ; the portions of the branches enclosed within 
the wood of the trunk are called knots. If the branches are 
alive at the time of their inclusion their tissues are continuous 
with those of the main stem and the knots so formed are said to 
be live or tight knots. When a branch dies a stump remains which 
is gradually surrounded by the tissues of the trunk, but, being dead, 
its tissues are not connected with enveloping tissues of the main 
stem, and a loose or dead knot results ; such knots faU out either 
when timber is converted, or after it ia seasoned and when it is 
being worked up. The broken stubs of dead knots provide ready 
access to decay and, consequently, dead knots are firequently 
unsound. 

Knots vary in size firom little more than a pin-head to several 
inches in diameter They also vary in shape, according to the 
angle at which they are cut through during conversion. A round 
knot, for example, ia more or less, circular in form, as seen on 
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the face of a board, and a spike knot is one sawn through in a 
lengthwise direction. Knots have an important bearing on tho 
utilization of timbw ; in many species they are the primary cause 
of* degrade, i.e., a lowering of quality below the best or prime 
qualify for the particular type of timber. Knots may spoil the 
appearance of boards, although in “ knotty pine ” the abundance 
of knots is regarded as a decorative feature, and such timber is 
popular for panelling in America. Irregularity of the grain in the 
region of knots reduces strength properties, besides giving rise to 
seasoning defects and difficulties in wood-working. Tho effect 
of knots on the strength properties of wood is discussed on 
pages 136 and 137. 

Bark pockets. — ^Pockets of bark are sometimes included in 
the wood of the main stem. They result from injury to tho 
cambium. Growth ceases locally until the adjacent cambium 
has completed the occlusion of the damugo<l area, resulting in 
portions of bark becoming embedded in the wood. Such pockets 
obviously constitute a defect, the seriousnass of which depends 
on the size of the pocket and the extent to which decay ihay 
have developed in the vicinity. A bark pocket in a plank of 
chengal is illustrated in Plate 49, fig. 2 ; tins pocket undoubtedly 
originated from an old tapping cut. 

Pith flecks. — ^Patches of abnormal parenchymatous tissue, 
called pith flecks, occur in some timbers, as a result of the tunnel- 
ling of the cambium by the larvae of certain insects. Pith flecks 
arc usually wider tangentially than radially, and extend (>on- 
siderable distances vertically ; their inner faces follow the out- 
line of the cambial sheath and their outer faces are irregular in 
outline (Plate 48). Pith flecks are a common feature of some 
timbers, s.p., alder, birch, maple, sycamore, but they are not 
sufficiently constant in occurrence to be of more than subsidiary 
value in i^ntification. 

Included phloem, although a normal feature of some timbers, 
is usually considered a defect as far as utilization is concerned. 
(See page 45 and Plates 25 and 23, fig. 4.) 

Pitch pockets are described on page 28, and illustrated in 
Fig. 7. In the Canadian literature they are classified according 
to size as small, medium, or large. When a pitch pocket is cut 
through at its widest part, so as to appear as a shallow opening 
on the longitudinal face of a piece of timber, it is called a pitch 
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blister. Pitch seams or shakes are openings along the grt^ that 
follow the outline of the growth rings. Pitch pockets, blisters, 
seams, or shakes are for the most part defects of softwood species, 
but similar defects also occur in one hardwood ftmily, the Diptero- 
carpaceae. In this family, however, defects of the types referred 
to are much smaller than typical, corresponding defects in soft- 
woods, and their contents are usually solidified dammars or oleo- 
resins. A resin pocket in a plank of balau is illustrated in Plate 49, 
fig. 1. 

Gum veins are traumatic canals that occur in some woods 
(Plato 22, fig. 4) ; they are usually filled with dark-coloured 
deposits. Tn some timbers, e.g., jarrah, they are usually infire- 
quent in occurrence, but timber fimm fire-swept forest may 
contain gum veins in considerable numbers that constitute 
definite defects ; in other timbers, tjg., African walnut, they 
are so frequently present as to constitute a charactetistic feature 
of the wood, wluch may, however, enhance its appearance. 

Mineral streaks are defined as “ localised discoloration of 
timber, in the form of streaks or patches usually darker than 
the natural colour, which does not impair the strength of the 
piece Mineral streaks have been found in sycamore and wych- 
elm. The term has also been applied to the light-coloured streaks 
occurring in timbers of the family Dipterocarpaeeae, e.g., lauan, 
meranti, seraya, kerning, gurjun. These streaks are really the 
rosin canals in longitudinal section, which, because of their white 
or yellow contents, show up against the red or brown background 
of the wood. 

Resin streaks or pitch streaks are narrow brown streaks 
extending along the grain, and fading out gradually, that occur 
in spruce, Douglas fir, and other softwoods (Plate 54, Gg. 4). 
They are caused by local aeoumulations o£ resin In the ttacheids. 
Resin streaks may sometimes be confrised with discoloration 
caused by incipient decay, but can be <i’stinguished because the 
darkened wood is not soft or otherwise affected ; the strength 
properties are not influenced In any way. 

Strawberry mark k a minor defect sometimes encountered 
in Sitka si»ruoe. The discoloration is caused by accumulation 
of resin, and consists of a red-brown zone up to 1 in. wide and 
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in. high, Fanning radially through the wood. In truly radial 
faces the defect appears as a bar of darker-coloured wood running 
across the piece, but, if the out surface is oblique, the discoloration 
usually appears more as in Plate 49, fig. 4. Unless the accrimula- 
tion of resin is accompanied by enlargement of the rays to many 
times their normal size, the strength properties of the wood are 
unaffected, and the defect is no more than a minor blemish. 

Latex canals arc described on page 45, and illustrated in 
Plate 24. The large canals occur in relatively few woods, e.g., 
those of the family Apoeynaeeae; in grading they cannot be 
treated as ordinary defects as they are a natural feature of the 
structure of such timbers. For some purposes, e.g., as cores for 
veneer surfaces, and uses requiring timber in short lengths, the 
presence of latex canals is immaterial. 

Compression failures are zigzag hair cracks, that occur 
across the grain near the centres of some logs, e.g., African 
mahogany, lauan, merauti (Plate 49, fig. 3 and Fig. 41, g). It is 
thought that these firacturos arise as a result of wind action or 
other external forces bending the tnink of the tree during Che 
early years of its life. Compression failures often become visible 
only as drying proceeds, appearing as very fine checks or splits. 
These checks may be present in green timber, or the fractures in 
individual cell walls may join up with those in adjacent walls, to 
form continuous ruptures in the tissues, as a result of the stresses 
set up in drying. Compression failures are often associated with 
the presence of " spongy heart ’’ or " punky heart ". Compression 
failures are a serious defect if present in large numbers, rendering 
timber valueless for most purposes. Their influence on strength 
properties ore discussed on page 136. Affected boards will often 
break in two when lifted, a condition that has given rise to the 
expressive term “ three~men-board8 ”, the third man being required 
to support the timber in the middle ! Other names for com- 
pression failures are ihunder-shakea, lightning-ahakea, and eroaa- 
breaka. The presence of compression failures should be suspected 
when the saw loaves a clean surface of horizontally-broken fibres, 
as seen on longitudinal surfaces, instead of the more usual, uneven, 
long fibrous surface. 
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DEFECTS ARISING PROM OTHER THAN 
NATURAL CAUSES 

SEASONING DEFECTS 

Noxt to knots the commonest causes of degrade in timber 
are defects resulting from faulty seasoning technique. It has 
been explained that as wood dries it shrinks, and that the 
shrinkage is not uniform in all directions. Moreover, the outer 
layers of a piece of wood tend to dry out more rapidly than the 
interior, resulting in temporary or permanent distortion of the 
timber, and even in the separation or rupture of the tissues. 
The different forms of permanent distortion of timber and of 
ruptures of tissues are defects ; separately and together they are 
referred to as degrade in seasoning or seasoning degrade. Per- 
manent distortion gives rise to various forms of waiping, and 
ruptures of tissues to checks, splits, and shakes. 

Cuppirt^ is a warping across tho width of a board (Fig. 41, b). 
In flat-sawn material one surface is more nearly radial than the 
other, and, since radial shrinkage is less than tangential, the side 
towards the pith tends to slirink less than the opposite face ; if 
this side of a board does shrink less than the op]x>site face, the 
board will be distorted or warped when dry ; it becomes bowed 
or cupped in cross section. Cupping can be reduced by proper 
piling, vide last sentence of next paragraph. The defect does not 
occur in truly quarter-sawn material. 

Twisting is the spiral or corkscrew twisting of a board or 
plank in a longitudinal direction as it dries, which, in extreme 
cases, may render the timber valueless (Fig. 41, a). Twisting can 
usually be traced to spiral or interlocked grain, although it may 
also result from unequal shrinkage brought about by variation 
in density within the board or plank ; it can usually be minimized, 
if not completely eliminated, by Weighting stacks with heavy 
baulks immediately the pile is built and before drying has 
commenced. 

Bowing is a warping (or sagging) from end to end of a piece 
of timber (Fig. 41. d) ; that is, it is similar to cupping except that 
it occurs along the length of the piece and not across its width. 
Bowing results from too wide spacing of stickers, which causes 
the timber to sag under its own weight. 
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Spring is distortion in the longitudinal plane, the board or 
plank remaining flat (Fig 41 , i). Spring is not uncommon in boards 
from near the “ core ” or “ heart ” of a log, and is the result of 
the sudden release of internal stresses when the log is sawn 



Fio 41 — a, twist, b, cupping, o, honey comb checks, d, bowing, e, checks, 
/, end split, g, compiession failure, h, behaviour of test sample from a c ise 
hardened boaM, f, spnng 


through. All timber is more or less subject to spring, but that 
of certain spedes is more susceptible than others. In extreme 
oases, spring can be so serious as to make conversion uneconomic : 
some kempas from swamp areas springs to such an extent that 



OB. 9 DEFECTS IN TIMBER 205 

distortion of both ends of a scantling is measurable in feet rather 
than in inches. 

Checks and splits are separations or ruptures of the wood 
tissues in the longitudinal plane and are distinct from the hori- 
zontal fractures, “ thunder-shakes ” or compression failures, that 
have their cause in other factors than drying stresses. A check 
is a separation of the fibres that does not extend through the 
timber from one face to another (Fig. 41, e), and splits are separa- 
tions extending from face to face. An end split is one that occurs 
at the end of a log or piece of timber (Fig. 41,/). 

Checks and splits may close up if the dry timber is subsequently 
exposed to damp conditions, but once the fibres have separated 
they cannot actually join together again, and the checks and splits 
are present although they may not be visible. 

Serious splits are often called “ shakes but it is 
better to confine the use of this term to separations of the fibres 
in timber of large size or in the log ; shakes may originate from 
other causes than drying stresses, e.g., £rom careless felling, internal 
stresses existing in the living tree that are released when the tree 
is felled. Shakes are of several types, e.g., ring-shake, where the 
separation follows a growth ring, star-shake where the ruptures 
radiate outwards from the pith. 

Case-hardening. — When timber is dried so rapidly that the 
outer layers want to shrink while the interior is still saturated a 
stress is set up, because the outer layers are restrained from 
nhrinlring normally ; they may eventually shrink the full amount, 
when checks will result, or they may set in a distended or stretched 
condition (tension set) ; pieces of timber in which this latter 
condition occurs are said to be case-hardened. Case-hardening 
can be removed by steaming, to restore moisture to the outer 
layers. If steaming is applied in time, and subsequent re-diying 
is properly controlled, previously case-hardened timber that has 
not surface-checked or become honey-combed is in no way 
inferior to timber that has never been case-hardened. Case- 
hardened timber may cup and develop other forms of distortion 
when it is subsequently re-sawn or worked up (see also discussion 
on pages 93 and 94, and Fig. 30). 

Honey-combing. — ^If case hardening is not relieved by steam- 
ing, the outer layers set without shrinking the normal amount, 
and when the interior dries below the fibre saturation point it. 
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too, is restrained from shrinking, and interior ohecks may result. 
This condition is known as honey-combing. The sfresses set up 
are greatest tangentially, because shrinkage is greatest in this 
(Injection, and the resulting separation of the fibres is always 
initiated where the tissues are weakest : that is, along the rays 
(Pig. 41, c). 

Checks caused by conditions leading to case-hardening may 
close, and honey-combing ohecks may not expend to the surface, 
so that the defects cannot always be detected before the timber 
is worked up. A simple test for case-hardening is described on 
page 176, and illustrated in Pigs. 31 and 41, A. Honey-combing 
can be detected by cutting a plank through about 1 foot from 
the end and noting whether there axe any internal ohecks along 
the rays on the freshly exfiosed end. 

COLLAPSE 

Some timbers are liable to a defect known as collapse if kiln- 
dried slowly at too high humidities, or at too high temperatures. 
The use of high humidities while timber is high in moisture 
content, and the type of timber, may also appreciably affect 
the amount of collapse occurring. Collapse can also occur in 
rapid air-drying of very green timber of a few species, e.g., 
Tasma nia n oak, western red cedar, cypress, and hemlock : the 
cells are flattened in drying, which is manifest in the more porous 
early wood, producing, in extreme cases, a corrugated surface — 
hence washboarding — of quarter-sawn faces (Plate 50). Collapse 
results in excessive and often irregular shrinkage, and may lead 
to appreciable distortion, vide Plates 51 and 62 ; in some extreme 
cases severe internal chocking may occur. The defect is serious 
because, in addition to the loss of timber in trimming mis-shapen 
pieces of wood, and the abnormally high shrinkage already referred 
to, the strength properties of the wood may also be reduced. 
Collapsed air-dry wood is, however, usually stronger than non- 
oollapsed or reconditioned wood, primarily because it is more dense. 

No uniform behaviour can be assigned to the effect of position 
In the tree in relation to the ocouirence of collapse. As regards 
the locality faotor, Australian experience suggests that timber 
from moist or swampy places, and fast-grown, immature trees, 
is more prone to coUapse than material firom other sources. 
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Tho cause of collapse has given rise to divergent theories. 
There are indications that some collapse may ordinarily occur in 
the drying of any timber, but this is not what is normally meant 
by the term. Until recently it was supposed that pronounc^ 
collapse required the cells to he completely filled with water, and 
the cell walls to be almost completely impervious. Collapse was 
then explained by the effect of internal tensile forces set up during 
drying in the water occupying the whole of the cell cavities of 
affected cells. This theory called for no bubbles in tho cell cavity 
water larger than a certain minute minimum, and supposed that 
if water were lost by diffusion through the cell walls faster than 
air or water vapour entering the cells, a state of tension would 
arise in the water remaining in the cell cavity. The forces of 
cohesion between the water molecules and faces of contact between 
tho water aqd the cell walls would result in a state of tension of 
the water sufficient to contract and draw in the cell walls. A 
recent mathematical analysis by W. H. Banks and W. W. Barkas 
attributes collapse to surface tension phenomena, and explains 
the occmTence of collapse when some air is present. Collapse is 
naturally more severe with kiln drying, because the temi)eratiire8 
used increase the rate of drying and also the plasticity of the 
coll walls. 

A method of re-conditioning has been evolved for removing 
(collapse with complete success. It consists in heating collapsed 
timber in a chamber in saturated air to a temperature of about 
210® F., and maintaining these conditions for some hours before 
allowing the timber to cool. Plato 61, fig. 2 shows the effect of 
re-conditioning the timber filustrated in Plate 61, fig. 1, for a 
period of four hours ; the final moisture content was increased 
only by | jier cent., and there was an appreciable gain in cross- 
scctional area. Slight checking of no commercial importance 
occurred on the edges ; the strength properties of the re-con- 
ditioned timber were not lowered in comparison with uncollapsed 
material of the same moisture content. Machining qualities and 
working properties generally were improved. Equally successful 
results have been obtained with other species. 

Timber that is badly warped or cupped, without apparently 
being collapsed, may also be successfully re-conditioned : dis- 
tortion may be sufficiently removed to secure a marked increase 
in the final cross-sectional area. Even apparently “ normal ” 
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shrinkage has been reduced by a re-conditioning process, vide 
Plate 61. This consignment had cupped slightly, but suJSered 
little distortion, and re-conditioning effected ui increase of 23 per 
o^t. in available cross-sectional area over the original kiln-dry 
dimensions. Australian work suggests that when reduction in 
“ normal ” shrinkage is achieved, it is because unsuspected 
collapse has been removed. 

Re-conditioning, then, besides removii^ collapse, may bo 
employed to remove distortion resulting from other causes, and 
it is also effective in reducing normal shrinkage. It is not suggested 
that re-conditioning should be a complement to kiln seasoning in 
every case, but the results obtained have been so striking that its 
possibilities are not without practical significance ; they deserve 
to be more fully investigated on a commercial scale. 
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CHAPTER XII 


DECAY AND SAP-STAIN FUNGI 

GENERAL PRINCIPLES 

Most forms of decay and sap-stain in timber are caused by 
certain plants, called fungi, that feed either on the cell tissue or 
cell contents of woody plants. It is important to distingu is h 
between wood-rotting fungi, responsible for decay in timber, and 
those that flSed on the cell contents, causing stains. The former 
consume certain constituents of the cell waU, and lead to the 
disintegration of woody tissue, whereas the latter remove only 
certain stored plant food material in the cell cavities, leaving the 
cellular structure intact. Wood-rotting fimgi seriously weaken 
timber, ultimately rendering it valueless, wberoas sap-stain fungi 
spoil the appearance of wood, but do not affect most strength 
properties. Sap-stain is, in effect, not a preliminary stage of 
decay, but such stained timber, exposed to suitable conditions, 
may later be attacked by w<»od-rotting fungi. 

Wood-rotting and sap-stain fungi belong to a large group of 
plants that includes edible mushrooms and toadstools. The 
visible mushroom or toadstool is the firuit body or fiructifi- 
cation of the fungus, the vegetative ports of the plant being 
out of sight, in the feeding medium. The fruit bodies of wood- 
rotting fungi are frequently flat, fleshy or woody, plates, the 
undersides of wliich bear spores or seeds. The dostructive port 
of a fungus is its vegetative system, or mycelium, made up of 
numerous exceedingly fine tubes called hyphae ; tliese may 
become matted together to form a felt-like mass. H^'phae grow 
by elongating at their tips, passing from cell to coll of the 
host plant, feeding on the walls or cell contents in their 
path. The complete life cycle of a fungus is, therefore, (1) spore, 
(2) hyphae, (3) mycelium, (4) fruit body or fructification, and (5) 
^le. 

«>» F 
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All fungi feed on organic material of either plant or animal 
origin. Those of interest to the user of timbw attack either 
living (probably unhealthy) trees, or felled timber. One condition 
essential to the development of all fungi is the presence of sufficient 
mhisture : initial infestation will not occur in any timber below 
20 per cent, moisture content. Moreover, reduction of moisture 
below the critical minimum causes all fiii^i to cease growing. 
Some fungi are, however, capable of extending their attack to 
adjacent timber near the critical moisture contents, when growing 
vigorously; they will not ordinarily initiate attack unless the 
moisture content is about the fibre saturation point, and many fungi 
require appreciably higher moisture contents to initiate attack. 
Some fungi transport moisture from an outside source, or produce 
their water requirements from the break-down of cell-wall sub- 
stance in their path, enabling them to raise the moisture content 
of wood just below the 20 per cent, level to this level. Reduction 
in moisture content is not sufficient to bring about the immediate 
death of a fungus : hyphae are capable of remaining in a dor- 
mant condition for several months, but oven those of the 
“ dry rot ” fungus M'ill not survive for a year in normally dry 
conditions. 

The conditions essential to fungal growth are four in number : 

(1) Food supplies (2) Adequate moisture 

(3) Suitable temperature (4) Air (oxygen) supplies 
In most circumstances growth of fungi in wood under service 
conditions is dependent solely on the presence of adequate 
moisture. The wood itself, or the cell contents of the sapwood 
of certain species, constitutes the necessary food supply, and 
oxygen can always be obtained, except in a vacuum or gas-tight 
chamber, or under completely water-logged conditions. Some 
timbers, however, contain extractives of an oily or solid nature 
that are poisonous to fungi ; these substances render the wood 
unsuitable as food, thus explaining why some timbers ore “ natur- 
ally durable ”. That is, they are resistant to attack, but not 
immune. Practically all fungal growth ceases at or below fireezing 
point (32® F.), and is very slow at temperatures below 40® F. 
Hence, in temperate regions with really cold winters, fungi may 
be quiescent in the winter months, and temperatures ore a 
limiting factor in polar ipgions ; optimum temperature con- 
ditions vary with different fungi, but are in the region of 66® to 
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86° F. In apparent oontradiotion to the foregoing, the wood-work 
of cold-store rooms and refrigerators is not infrequently attacked 
by fungi : this is because the wood is not at the temperature of 
the artificially cooled space, being part of the surrounding insula* 
tion and, therefore, at some higher temperature, often not much 
lower than that of the outside atmosphere ; further, such timber 
is liable to become damp as a result of condensation from warm 
air striking the cooler timber of the cold store. 

The presence of decay is often visible from the spongy appear- 
ance of the ends of logs, compared with the more fibrous end 
surfaces of sound logs. Actual decay is the final 'stage of attack ; 
by this time the colour and texture of the infected wood have 
been changed, and most strength properties have been appreciably 
reduced. Beyond the decayed area, and in the early stages of 
infection, a state of incipient decay exists : no visible changes in 
structure may be apparent, and only slight colour changes or 
softening may occur ; strength properties are likely to be only 
very slightly reduced. Sterilization at this stage will arrest decay, 
when, provided attack was very slight, such timber is likely to 
be as good as sound stock, and it will bo perfectly safe after 
sterilization, as far as the risk of spreading infection is concerned. 
On the other hand, in carrying out repairs necessitated by fungal 
activity, it is not sufficient merely to out out all visible wigna of 
“ decay ”, a margin of safety should be secured by cutting well 
back beyond the last traces < ^ any incipient decay. In addition, 
adjacent surfaces, whether of brickwork, masonry, concrete, or 
metal, should be heat-sterilized, so l<tng as the ^-hazard per- 
mits, or the surfaces should be treated with a fungicide. The 
limitations of heat-sterilization are discussed later, vide page 270 ; 
the special precautions to be observed in selection of timber for 
repairs is discussed on pages 51 to 53. 

Wood-rotting fungi are of several kinds. Those that attack 
living trees procluce the familiar ” brown rots ”, “ pocket rots ”, 
and some forms of ” spongy heart ”, and hollow cores, in old trees. 
Decay of this type may be detected by the abnormal colour of the 
timbear, by the transverse fractures of the fibres on longitudinal 
sawn faces, and by lifting the fibres with the point of a penknife, 
when, if the timber is decayed, the fibres will snap, instead of 
pulling out in long splinters. The important distinction between 
the wood-rotting fungi, and other fungi, is that the former live 
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on certain constituents of the woody cells of plants. 

It has already been stated that the two main constituents of 
wood substance are cellulose and lignin. The brown rots feed 
mainly on the cellulose, and the white rots feed both on cellulose 
and lignin, but to a varjung extent, depending on the particular 
fungus. The different wood-rotting fiingi can be further sub- 
divided, according to the form decay takes, into cubical, spongy, 
pocketed, stringy rots, and so on. The terms dry rot and wet rot 
are misleading : 20 per cent, moisture content is a critical 
minimum moisture content for active growth of all fungi. Most 
fungi require the moisture content of wood to be between 36 and 
60 per cent, for optimum growth, and some appear to prefer still 
wetter conditions. Precise figures for different fungi ore virtually 
impossible to arrive at ; it is known, however, that the m inimum 
moisture content required for spores to germinate is higher than 
the figure for infection of wood adjacent to actively growing 
mycelium, or for fungi already present to continue growing. In 
the final stages of decay, caused by those fungi that continue 
active in wood near the critical moisture content, the wood may 
be dry and friable, and this has led to the use of the term “ dry 
rot ”, whereas, in the final stages of decay caused by fungi that 
require wood to be comparatively wot for them to initiate or 
continue attack, the affected area is often itself wet, hence the 
term “ wet rot ”. Tire term “ wet rot ”, however, is sometimes 
mistakenly applied to the slow disintegration of wood exposed 
to the weather, t.e., weathering, which may be quite independent 
of jEungal activity. Constant exposure results in a softening of 
the surface of wood, and repeated wetting by rain, followed by 
rapid drying in the sun, leads to the development of numerous 
surface checks that split the surface layers into small cubes or 
rectangles. Once disintegration has commenced, conditions ore, 
of course, favourable for fungal infection. 

Apart from the confused use of the term “ wet rot ”, the 
attempted distinction firom ” dry rot ” is unsound ; fungal attack 
is dependent on damp conditions. Equally, “ dry rot ” is an un- 
satisfactory term : in the tropics it is often applied to damage 
caused by dry-wood termites, vide page 234. 

Pockrt rots take the form of apparently localized areas of 
infection, scattered over the surface of a board or plank ; areas 
are frequently discoloured, or they may be white ; they ore easily 
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dented with a thumb-nail or the point of a penknife. In the 
timber trade this type of infection is firequently referred to as 
dote. 

Many fungi are essentially forest problems : there ate fiipgi 
that attack logs that have been lying in the forest until thoroughly 
saturated, and there are others that attack standing but unhealthy 
or over-mature trees, or freshly felled lugs. Fungi that attack 
timber in service may belong to neither of these classes ; they 
arc relatively of much greater economic importance, but they 
can be kept within bounds provided simple , precautions are 
observed. 

Forest fungi. — ^Fungi that attack old logs are unimportant, 
since such logs would never be converted for timber. Fungi 
that attack standing trees, or freshly felled logs, on the other 
hand, are responsible for losses, principally to owners of forest ; 
they need not be a problem to the consumer of wood. These 
fungi belong to the class that attack decidedly wet wood, which, 
once seasoned, is, however, safe from development of further decay. 
Moreover, for indoor purposes, such seasoned wood is unlikely 
to encounter conditions that would lead to renewal of attack by 
“ forest fungi that require relatively high moisture contents for 
their active growth. During conversion of timber known or 
suspected of having been attacked by “ forest ’’ fungi, all wood 
containing visible areas of infection should, and probably would, 
be discarded, when, so long as the material recovered is properly 
piled to ensure rapid drying, or, preferably is kiln-dried after 
conversion, it is perfectly safe to use. On the other hand, if such 
timber is close-piled when green, any incipient decay present is 
likely to develop, and fresh infection from spores of the same, or 
similar, fungi, may occur. Most dote in timber can be traced to 
bad practices at the mill, or to close-piling of imported timber 
shipped green (see also discussion on page 169 and below). 

Trametea aerialis. — A brown pocket rot has been responsible 
for complaints of dote in Douglas fir, leading to the assertion in 
some quarters that this timber is less durable than European 
redwood. Decay takes the form of small, spindle-shaped pockets, 
of soft, discoloured, dark-brown wood (Plate 64, fig. 1) ; thin 
white threads of hyphao may or may not be visible. When the 
wood has had time to dry out, attack of this nature is often 
more apparent, because of the development of shrinkage cracks 
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in the affected zones. Timber containing such visible decay will 
have lost mechanical strength, and should obviously not be used. 
The fungus most frequently responsible for this type of infection 
ia^rametea seriaUa, a species common in America, but of rare occur- 
rence in the United Kingdom, unless present in imported timber. 

Douglas fir is no more susceptible than European redwood to 
fungal attack, and the dense form is rather more resistant, but 
much Douglas fir is imported in a green condition, practically 
straight off the saw, whereas the Baltic timber is usually stick- 
piled immediately after conversion, and for some time before 
shipment. Any fungus present in green timber, and spores that 
may have alighted on the surface of wet boards, are favourably 
placed if the material is close-piled on arrival overseas. On the 
other hand, if properly stacked on landing, the timber would 
dry out before any fresh decay could occur, and .that already 
present, if not visible when the timber was green, would become 
apparent during drying, allowing affected wood to be rejected 
instead of being put into service. Trametes serialis is also the 
most usual cause of dote in Sitka spruce. * 

Trameies pini. — A white pocket rot is sometimes found in 
Douglas fir ; it occurs as small elliptical areas | to ^ in. in length, 
with pointed ends (Plate 64, fig. 2). Such infected timber is un- 
suitable for use, but the fungus responsible, Trametes pini, is 
essentially one that originates in the standing tree, and does not 
spread to any extent after felling. 

An unidentified fungus has been responsible for incipient decay 
in imported ash, beech, and birch ; it usually appears as a white 
flecking of the surface. When consisting only of much lighter- 
coloured, small, round or oval, areas that can be removed by 
planing to a depth of } to ^ in., the sotmd wood beneath is 
perfectly safe to use. In a more advanced stage, attacked timber 
is, of course, worthless, vide Plate 54, fig. 3. In a still more 
advanced stage, fine black lines may be visible ; the wood is 
then very brittle. 

There is nothing that the importer or ultimate consumer of 
wood can do to combat forest fungi other than arresting develop- 
ment of such infection by proper stacking of green timber as 
received ; it is presumed that all reasonable care will be taken 
at aU times to destroy any timber found to be infected. Provided 
these two points are observed, forest fungi will not be a problem 
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in timber yards. Eradication in the forest is more difficult : sound 
silTicultural technique and good forest management are the 
to minimizing such infection. 

Fung^ that attack wood in service. — ^Fungi that attack 
wood in service may be either “ dry rots ” or “ wet rots In 
buildings the former are usually much more serious than the latter, 
but in coal-mines wet rots are mainly responsible for decay. By 
far the most important fungus destructive to wood in service is 
Mendiua lacrymans (Wulf.) Fr., which will attack drier wood 
than most fungi, although not wood below about 20 per cent, 
moisture content. Because of the necessity for adopting appro- 
priate remedial measures promptly, when Menditia Uurymans is the 
causal agent of decay, it is imix>rtant for all who are responsible 
for the care of buildings to be able to identify the fungus correctly. 
It must not Jbe confused with the cellar fungus, Cmiophora cere- 
beUaVetB.y which is capable of attacking only definitely wet wood, 
and is therefore usually not a serious problem. Nor should 
Meruliua laerymana be confused with mould growths that fre- 
quently appear as tiny green or black tufts on damp wood. Such 
moulds do not cause decay, but their presence is indicative of damp 
conditions, favourable to the attack of wood-rotting fungi. 

The must effective method of eliminating wood-rotting fungi 
from interior wood-work is to use sound, seasoned timber, free 
from fungal infection in the first place, and to provide and main- 
tain efficient ventilation so chat the timber will not be exposed 
to damp conditions subsequently. Basement conditions call for 
effective damp-proof courses, both horizontally and vertically. 
Linoleum-covered floors should be sparingly washed with water, 
and such floors should be adequately ventilated beneath. If 
timber is to be laid direct on concrete it should be laid in a 
bituminous mastic. This is standard practice with wood-block 
floors, but strip floors ace frequently nailed to fillets let into the 
concrete, leaving a ^ or | in. clearance between the underside of 
the floorboards and the top of the concrete. This is thoroughly 
bad practice, and a fruitful source of “dry rot” infection, 
even with supposedly naturally durable hardwood floors of such 
timbers as oak or teak. When this type of floor is required, 
pressure-treated softwood fillets should Ito used, and the air space 
between floor and concrete should be filled with a bituminous 
substance. Such floors tend to b0 less satisfactory than wood- 
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block floors : there is a risk of action between the wood pre- 
serTative and bituminous material, and it is exceedingly difficult 
to ensure that the air space between the floor and the concrete 
is completely filled. Any timber buUt in to brickwork, masonry, 
or concrete should be recognized as subject to the decay hazard. 
Unless it can be ventilated all round, only pressure -treated 
material is really suitable in these circumstances ; an open-tank 
treatment of the ends of long timbers, e.g., joists and bearers, 
that can be done in a steel drum on the building site, is a possible 
and practicable compromise. Once rot makes its appearance, it 
is imperative to take active measures immediately. The causal 
agent must be identified, and all decayed and infected wood 
removed and burned. Replacements should be with sound, 
preferably kiln-dried, material ; if recurrence of attack is at all 
probable, wood preservatives should bo employed prophylactic- 
ally. Lastly, but of the utmost importance, steps must bo taken 
to discover what gave rise to the unsatisfactory conditions culmina- 
ting in fungal decay, so that these conditions can be corrected 
before repairs are put in hand. 

Wood in contact with the ground, exposed to the weather, 
or inevitably exposed to fungal infection as in coal mines, must 
be recognized as having a relatively short life. It is then a 
simple matter of economics to decide whether the use of more 
resistant timbers is the correct answer, or whether the use of 
wood preservatives is the better solution. If the latter course 
is adopted, then adequate treatments are essential, mde Chapter 
XIV. In general, when the decay hazard is unavoidable, ade- 
quately pressure-treated non-durable timbers are usually more 
economical, and give a longer service life, than the most durable 
timbers untreated. The descriptions of the different fungi, 
given in the notes on different species, have been culled from 
leaflets and bulletins, published by the Forest Products Research 
Laboratory, to which reference should be made for more detailed 
information. 

Merulivs lacrymana (Wulf.) Fr., which is the commonest 
fungus responsible for “dry rot”, is a brown cubical rot. The 
appearance, both of the fungus and of infected wood, depends on 
the stage attack has reached, and on the growth conditions for the 
fungus. In damp conditions the fungus develops as white, fluffy, 
cotton-wool-like masses spreading over the surface of attacked 
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wood. In drier conditions the mycelium forms a grey-white felt 
over the wood, usually with small patches of bright yellow or Ulao. 
Branching strands may develop ^m the felt, varying in tiiiok- 
ness from coarse threads to strands as thick as a lead peneil. 
These strands are made up of hyphae that conduct water ; they 
can penetrate the mortar of a brick wall, and cross steel-work 
and concrete to reach new feeding grounds, i.e., as yet uninfected 
wood. The firactifications are soft, fleshy plates, with white 
margins (Pis. 63 (6) and 55). Numerous folds or shallow pores occur 
on the surface of a fructification, and contain tha rusty-red spores. 
These are microscopic, and so light that they are easily blown 
about ; they are sometimes produced in such quantities that a 
whole room may be covered with a rusty-red layer of spores. 
The fructifications sometimes grow vertically, in the form of a 
thick bracket, when the pore-bearing surfaces become elongated 
like small stalactites. Water may be exuded in drops by the 
fructifications — hence the name lacrymans or weeping. 

The fhiit bodies, which grow out into the air and light, are 
frequently the first indication of dry rot in a building, but tm- 
ventilated rooms or shut-up houses that have been infected 
usually have a characteristic musty odour. Slight waviness on 
the surface of panelling, or the sinking of a floor, may be the 
first warning of extensive damage. Infected wood is soft when 
tested with the blade of a penknife, and it will not “ ring ” when 
struck. Wood beneath a coating of mycelium is wet and slimy 
to the touch, but in the final stages of attack it is dry and friable, 
brown in colour, and breaks up into cube-shaped pieces. 

Potia vaillantii (D.C.) Fr. is a brown cubical “dry-rot”, re- 
sponsible for decay in buildings, but also occurring in coal-mines ; 
it requires the presence of more moisture in wood to initiate 
infection than does Meruliua. The final stages of attack are 
similar in their effect on wood to the action of Meruliua lacrymaaa. 
The hyphae and mycelium of Poria uaiUantii remain white and 
soft ; the fruiting body is plate-shaped, covered with fine pores, 
and also white. The hyphae penetrate brickwork, but not 
deeply, and attack is therefore usually more localized than with 
MeruUua. 

Coniophora cer^dla Pers., commonly called the cellar fungus, 
is also a brown rot, but not a cubical rot. In the final stages of 
attack, the wood does not break 'up into cubes, but developB 
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long splits or cracks, vide Plate 65, fig. 2. This is a fungus that 
favouts deddedlj wet conditions, and it is very liable to occur 
wheievw there is persistent water leakage or condensation. The 
hyphae are always fine ; th^ rapidly tom brown or almost 
black. The fructification is a thin plate, olive-green in colour. 
Attacked wood becomes darker in colour, and develops longi- 
tudinal cracks that are dark brown or black ; cracks at right 
angles to the longitudinal may also occur, but the cubical breaking 
down of the wood that characterizes Mendiua infection is usually 
wanting. In the final stages of attack, the wood is extremely 
brittle, and can be powdered in the fingers. 

PaxiUus paniundes Fr. is a brown rot requiring very moist 
conditions. The hyphae are paler than those of Coniophora 
eerebdla, the mycelium is rather fibrous, and yellow or violet. 
The fruit bodies, which are often boll-shaped, are olive-green, 
with deep gills on the imder surface. 

PheUinus eryptamm Karst, is a white rot, only recorded as 
attacking oak ; it has occasionally been found active in building 
timbers. The hyphae are white and fibrous ; the fructification 
is a thick, leathery plate or bracket, buff-coloured, with darker 
brown pores. In the final stages of attack, the wood is reduced 
to a soft white moss in which the hyphae are embedded. 

LerUinus lepidetis Fr. is a brown cubical rot, requiring moist 
conditions. It attacks timber out-of-doors, e.g., telegraph poles, 
railway sleepers, and paving blocks. The fructification is a 
brown, woody mushroom. The fungus and decayed wood have 
a characteristic aromatic odour. Cartwright and Findlay (“ The 
Decay of Timber and its I’revention ”, H.M. Stationery Office, 
1946) record that this fungus “ occurs quite frequently on worked 
timber which has been imperfectly creosoted ”. 

Porta xarUha Lind.non Fr. is also a brown cubical rot, re- 
quiring moist conditions. It is commonly found in greenhouses, 
^e fructification is a thin plate, yellow in colour. 

Of the foregoing, Mervltua lacrymana and Coniophora eerebdla 
are the most common fungi likely to be encountered in wood in 
service, and the first named is by far the most serious of all wood- 
rotting fungi, being responsible for untold damage annually. 
Good oonsfrnotional design is the best prqphylaotio measure 
against ultimate fungal attack, but, where the decay hazard is 
unavoidable, tbe ohoioe idiould be made between the naturally 
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resistant timbers, or non-resistant timbers adequately treated 
with suitable wood preservatives, depending on which of these 
two alternatives is the more economical in the particular oiroum- 
stanoes. 

Mention should also be made of two fungi, unimportant in 
themselves, which are nevertheless an indication that dangerously 
damp conditions exist. Elf cups {Peziza sp.), which are yellow- 
brown cups about I in. in diameter, not infrequently develop on 
plaster ceilings following flooding firom defective plumbing or 
frost damage. Unless steps are taken to secure rapid drying out 
of the affected areas there is a risk of subsequent “ wet rot ” or 
“ dry rot ” infection. Another fungus that should similarly be 
regarded as a warning that dangerously wet conditions have 
become established is a species of inky cap {Coprinvs sp.). This 
fungus produces small soft toadstools that dissolve into an inky 
fluid. Findlay (Dry rot and other titnher troubles) describes this 
species as often growing “ on damp cellar walls ”, but they may 
also appear on the underside of ceilings saturated by persistent 
plumbing leaks or defective internal gutters. 


THE SAP-STAIN FUNGI 

Sap-stain or blue-stain in timber is caused by several spodes 
of fiingi of the mould type These fimgi are distinct from those 
that cause decay ; hence, ” blue-stain ” is not an incipient stage 
of decay, but its presence may be an indication of conditions 
favourable for the attack of wood-rotting fungi. Moreover, badly 
blued timber should bo suspected of possibly also containing 
incipient decay or dote. 

All staining of wood is not necessarily ” blue-stain ”. Green 
timber rich in tannins that comes in contact with iron, as in 
sawing, may become stained blue-black. This is the result of 
chemical action, and the stained areas are usually superficial and 
easily planed off. Similarly coloured stains, caused by sap-stain 
fungi, penetrate wood deeply and rapidly (Plate 64, fig. 3). 

Some wood-rotting fungi cause discoloration, but staining 
firom this cause is accompanied by softening of the wood, whereas 
blue-stain fungi have little or no effect on strength properties, 
other than reducing resistance to impact bending, sometimes by 
as much as 40 per cent., which 'is of material importance in 
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timber for tool handles and athletio goods. On the other hand, 
“ blue-stain ” is responsible for degrading laige quantities of 
susceptible timbers, because their value is reduced for decorative 
purposes, and, if heavily stained, they may be unsatisfactoiy for 
paint finishes. 

Besides the fungi responsible for “ blue-stain ”, there are 
several other mould fungi that stain wood green, pink, purple, 
and, more rarely, brown ; the majority of these j)roduce a powdery 
or downy growth of mould that is easily brushed or planed off. 

“ Blue-stain ” in softwoods is caused by several species of 
the genus CeraiostomtiUa ; attack is confined to the sapwood. 
“ Blue-stain ” in the light-weight, light-coloured tropical hard- 
woods, such as obeche and ramin, is usually the result of Diplodia 
infection ; attack is not confined to the sapwood, but may extend 
right through a log. Several mould fungi attack the light- 
coloured temperate hardwoods, not necessarily confining their 
attack to the sapwood. Ash and poplar are liable to be dis- 
coloured a dark brown, and oak a pale yellow. 

The discoloration caused by mould fungi is not a stain in \.ho 
true sense of the word : it is the presence of numerous dark- 
coloured hyphae in the translucent cells of the wood that produces 
the tinting visible on the surface. The fructifications are small, 
black, fiosk-shaped peritheda, as large as a pin’s head, often 
with long necks, and containing numerous spores. 

As with wood-rotting fungi, four conditions are necessary for 
mould fungi to grow : (1) sufficiont moisture (actually appreciably 
more than is necessary for the more important wood-rotting fungi), 
(2) food supplies, in the form of starch and sugars stored in the 
cell cavities, but not the wood-substance of which the walls are 
composed, (3) suitable temperatures, and (4) oxygen (obtained 
from the air). The right type of food material in sufficient 
quantities is a limiting factor . in most softwoods these require- 
ments are only found in the sapwood, but in Sitka spruce attack 
may spread to the heartwood. The presence of bark saturated 
with moisture also inhilnts mould growth from want of air. 
Bdatively high temperatures ore necessary for active growth : 
the optimum is between 70° and 80° F. ; below the optimum, 
growth is very slow. In temperate r^ons favourable tempera- 
ture conditions only exist in the summer months. Reduction in 
moisture content in the surface lajrers of wood con rapidly become 
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a limiting factor : the fungi require moisture contents above the 
fibre saturation point of wood to initiate attack. 

Unless infection has occurred in the forest, rapid reduction of 
surface moisture in converted timber is the simplest method, of 
inhibiting mould growth. KUn drying immediately after con- 
version is the surest safeguard. Piling in properly built stacks, 
with stickers of maximum thickness, does not always ensure 
sufiiciently rapid drying to prevent staining of particularly 
susceptible timbers. With these timbers the use of chemical 
dips is more or less essential, and is standard copimercial practice 
in parts of northern Europe and North America, mde pages 262 
and 263. 

Susceptible timbers will often become infected by sap-stain in 
the forest after felling, either from the ends of logs or through 
places where the bark has been removed or damaged in felling. 
Avoidance of bark injury, and the use of end-coatings, are effective 
temporary measures, which should be regarded only as auxiliary 
to rapid extraction from the forest, followed by immediate con- 
version at the mill. Suitable end-coating materials are hardened 
gloss oil, containing 10 per cent, of cresylic acid, creosote, tor, 
or oven lead paint. Any areas where the bark has been removed 
should also be dressed with the material used for end-coating. 

Once timber lias been dried below the critical stage for blue- 
stain ” infection, these fungi should not constitute any problem 
to the consumer. If conditions in service become such that fresh 
blue-stain infection could occur, conditions favouring the attack 
of wood-rotting fungi would also exist, presenting a much more 
serious problem, and one lequiring drastic and immediate remedial 
measures. 
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WORM IN TIMBER 

The damage referred to as worm in timber is the result of 
insect activity, but in salt water, teredo or ship-worm, and a form 
of wood-louse belonging to the crustacean family, are responsible 
for damage of this type. Insects tunnel in timber, spoiling the 
appearance of exposed faces, and, if the tunnels are numerous, they 
may so reduce strength properties as to make the wood valueless. 
Some insects only attack hving trees or newly felled logs, some 
only seasoned wood, and others only the sapuood of certain 
species. In consequence, the presence of insect damage is not 
in itself necessarily a cause for alarm : the damage may Bb of 
the first type and therefore of no consequence in seasoned timber, 
beyond the disfigurement caused. Moreover, some insects and 
crustaceans commonly associated with timber are of no import- 
ance because they do not attack it. For example, the land form 
of wood-louse is to be found under any piece of wood that has been 
loft in contact with the ground, in sheds, or in the open for any 
length of time : these are the small oval-shaped crustaceans i-hat 
roll up into balls when touched. Although probably the most 
familiar creature associated with timber, wood-lice are of no 
practical importance, as they do not attack wood. At most they 
are an indication that storage conditions are not good, s-tiH mnj 
lead to infection by wood-rotting fungi. On the other hand , 
dangerous pests are often overlooked because their insignificant 
appearance results in their escaping notice. 

Everyone is familiar with the stages in the development, cal lf id 
a life cyde, of moths and butterflies firom egg to caterpillar or 
larva, followed by a resting period or pupation stage as a duysalis, 
until the emergence of the adult moth or butterfly. Few mn^h*? 
attack timber, although some axe serious forest pests of s tanding 
trees, but other insects that have similar complex life cycles are 
responsible for heavy losses to timber producers and users. 

282 
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By far the most important of these inseots in temperate 
climates are beetles, a knowledge of the life q^ole of which has 
indicated the most effective stage for introducing measures of 
control. Some beetles are destructive in the larval, or feedirig, 
stage, and others do more damage as adult beetles. With the 
former, the larvae feed on wood, either the substance of which 
the cell walls are made, or the contents of those cells. With the 
latter class of beetles the larvae feed on a fungus, introduced by 
the adult beetle at the time of egg-laying ; the fungus, in turn, 
obtains its nourishment from the wood. Tunnelling, which is the 
destructive work of “ beetles ”, is done by the larvae in the first 
type of pest, and by the adult beetle in the second. With the 
first, control must aim at killing the larvae before they can get into 
timber, or, failing this, wood liable to attack should be rendered 
unfit or unattractive as food for such larvae. With the second 
type, the adult beetles must be denied access to potentially 
atitractive egg-la}'ing grounds, i.e., usually freshly felled logs, but 
also standing trees of some species ; failing this, control should 
aim at destroying the fungus, which will at least ensure that any 
attack in progress will cease. The duration of the life cycle is 
another important factor in deciding the most suitable method 
of control ; with some insects the life cycle is completed in a 
few months, but with others it may last two or three to several 
years. If the life cycle is a long one infestation may have occurred, 
and the destructive agent hav'e been at work, for a considerable 
time before it is discovered ; in these circumstances methods of 
control can seldom be applied at a hufiiciently early stage to be 
of practical value. If sterilizing treatments are selected as the 
control measure, repetition of the treatment must be the more 
frequent the shorter the life cycle of the pest, because sterilization 
does not confer immunity from reinfestation. All control 
measures, but especially sterilization treatments, should be 
applied when the pest is in its must vulnerable stage, i.e., 
egg, larva, pupa, or adult, depending on the particular pest 
involved. 

The different types of insects, the means of their identifica- 
tion, and the methods of control, are discussed fully in various 
pamphlets and bulletins issued by the Forest Products Research 
Laboratory, Princes Bisborough, the Forestry Commission, and 
other Government organizations. Below, the groups of insects of 
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importance to timber usets are briefly described. 

1. Fobest and Mill-tabd Pests 

(1) Longhorn beeUes and certain moths.— Hhc egga of these 
insects are laid in crevices, or just under the bark, of living but 
usually unhealthy trees, or newly felled logs. The adults do no 
tunnelling, the damage being done by the larvae, which feed on 
wood substance. The galleries are | to 1 in. in diameter, and oval 
in cross section ; they are packed with coarse “ bore dust ” or 
frass. The damage done is considerable, but, except for the 
house longhorn borer, infestation occurs only in green timber ; 
the larvae may continne feeding in relatively dry wood, but they 
will not migrate to adjacent seasoned stock. Rapid extraction 
of felled logs, immediate removal of bark of susceptible timbers, 
and heat-stenlizatien of infested wood, will sccine adequate 
protection against most longhorn borers. 

The house longhorn (Ifglotrupes bajulus L.), PI. 66, fig. 1, 

PI. 60, fig. 3, is a serious jrast in parts of northern Europe : in 
some districts infestation has to be notified, and appropriate 
remedial measures are compulsory. The pest has long been known 
here, and has recently become of suiBoiont importance in some 
parts of the pine country of Surrey to necessitate Bye Laws 
requiring timber used in repairs or new work in roofs to be treated 
with approved wood preservatives. The pest attacks the sapwood 
of softwoods, and usually only timbers in the roof space. As the 
life cycle is upwards of 10 years, serious damage may result before 
the first flight holes bring the attack to light. The frass contains 
pellets that resemble flints of petrol lighters when examined with a 
pocket lens. The finding of such frass or oval flight holes is not proof 
of house longhorn infestation ; still less that there is continuing 
activity. Other longhorn borers produce similar frass and oval 
flight holes. Active house longhorn borer infestation here has only 
been found recently in parts of Surrey, and, even there, no active 
infestation has been found in any bnil<^g more than 60 years of age 
except where timbers have been renewed much more recently. 

Rhagium bifasciatum F. is one of the commonest longhorns 
in Britain, but it is of little economic importance ; it attacks 
decayed softwoods. Tetropium gabriele Weise is the larch long- 
horn, which confines its attack almost entirely to larch. It is of 
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oommon ooouixenoe in England and Wales, and has been respon* 
sible for appreciable damage when simple preoautions have been 
omitted. Oviposition may occur in unhealthy trees, but is more 
usual in sound, felled logs that have been on the ground through' 
out a summer. The larvae feed beneath the bark, and enter the 
sapwood for pupation. Oviposition can be entirely eliminated by 
barking logs when felled. 

(2) Pin-hole borers, — ^These pests belong to the familiiM 
Sedlytidae and PUUypodidae ; they feed on a mould fungus, 
introduced by the adult beetles, and not on vfood ; the flmgus 
grows on the walls of the galleries, which are wholly constructed 
by the adults and not by the feeding larvae. Little is known of 
the fungus, which continues to be called ambrosia fhngus (hence 
ambrosia beetles), the name first coined by Schmidberger in 1836. 
The adult beetles tunnel spirally, at right angles to the grain, 
into living {rees and newly felled logs, and lay their eggs in 
specially constructed “ egg-chambers ”. At the time of e g g-layin g 
they also introduce a fungus into their galleries on which the 
larvae feed when hatched. The galleries of different species vary 
from ^ to i in. in diameter ; they are usually orient^ at right 
angles to the grain of the wood ; that is, at right angles to the 
vertical axis of the tree. The galleries are usually empty, but 
they may become plugged with resin or other compounds ; the 
walls of the galleries are stained black, and the tunnels themselves 
may be surrounded by an elongate-oval area of tissue discoloured 
by the fungus. Pin-hole borers ruin the appearance of consider- 
able quantities of timber, and the galleries may be so numerous 
as to reduce strength properties appreciably, but attack does not 
continue in, nor can it spread to, seasoned timber, because the 
fungus on which the larvae feed requires moisture. Moreover, 
the whole of the gallery system of these borers is constructed by 
the adult beetle, so that the damage is iisually done before the 
timber gets to the mill, often befor*' the tree is felled. In the 
drcumstances, the timber merchant can purchase infested timber 
without fear of the attack becoming any worse than it is at the 
time he makes his purchase. Wormy grades of mahogany, lauan, 
seraya, and meranti contain damage of this type. The “ shot- 
holes ” referred to in the Empire grading rules ^ are caused by 

* Grading ruUn and ttandard aiua for Umpire hardwoode, prepared by the 
Advisory Cennmittee on Timbere, Impezial ’Institute. Bee also page 282. 

Q 
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the same type of beetle, refeired to as “ pin-hole ” borers here, 
and are distinct from " shot-hole ” borers of trade terminology in 
this ootmtry and America. Typical “ pin-hole ” borer damage in a 
trtjpical hardwood is illustrated in Plate 66, fig. 2 ; Plate 66, fig. 2 
gives an idea of the difference in size of the galleries of different 
spedes of “ pin-hole ” borers. 

II. Pests of Seasoeieo Yards 

The serious pests of timber yards in temperate regions are the 
so-called powder-post beetles, belonging to the families Bosh ychidae 
and Lyctidae. The larvae of these two families do not live on 
cell-wall substance, hut on the starch content of the sapwood of 
certain timbers. In this respect, the food requirements of powder- 
post beetles resemble those of the sap-stain fungi, but, unlike 
fungi, the larvae have to devour the cells to obtain the starch 
they seek. The egg-laying habits of the two families of powder- 
post beetles differ, as do their demands in regard to the degree of 
dryness of wood favoured for egg-laying. 

(1) I/yctus, or powder~post, beetles . — ^These beetles lay 
eggs in the vessels of wood, and the larvae tunnel about, feeding 
on the starch contained in the storage cells. Tlio attack is con- 
fined to the sapwood of certain hardwoods , ^ it does not occur in 
the heartwood of any species, although, in emerging, adults may 
tunnel through heartwood immrdixtcly adjacent to sapwood, 
vide Plate 67, fig. 1. The size of the vessels is a limiting factor : 
they must be large enough to admit the ovipositor (egg-laying 
tube) of the adult female beetle, since it is in the vesseb that the 
eggs are almost invariably laid. The fine-textured timbers, such 
as beech, with vessels below 0*1 mm. in diameter, are ordinarily 
imm une .* Further, the starch content of the sapwood must be 
sufficiently high for the powder-post beetle to select the timber 
for ovipositing purposes. Several timbers, with large enough 
vessels, fail in this respect and, consequently, are immune to 
attack. Infestation occurs in partially- or fully-seasoned timber. 

The life cycle of Lyetvs from egg to adult beetle is normally 

^ Lffctua attack has recently been reported in the sapwood of a softwood, 
Pinua oanonensis C. Sm., grown in South Afnca. 

* I have observed Lyctua infestation m lUx sp., the vessels of which are not 
more than 0*05 nun. in diameter, but this is exceptional. 
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about one year, but the period may be as short as ten months, 
and, where food supplies are deficient, the life t^ble may be 
considerably extended: to two,or even three to four,yean. Adults 
normally emerge from April to September, appearing in largest 
numbers in June, July, and August. Immediately on emerging, 
the adults mate, and the female begins egg-laying, being 
most fastidious in regard to the suitability of the particular 
piece of wood selected for ^-laying : it must be rich in starch. 

There are several species of LytAtta, and the related genus, 
MiiUhea, the former being cosmopolitan, and the latter tropical. 
There are four common species of Lyctua in Great Britain : 
L. brunneua Steph. and L. linearia Goeze being the most abundant. 
MirUhea rugicoUia Walk, is the commonest species of Minthea ; 
adult beetles have emerged in this country, but the species is not 
known to have bred here. 

Soaking o£ logs in water is known to bo an effective means of 
rendering srtscepiible timbers immune to powder-post beetle 
attack, Wt the soaking period is too long for normal commercial 
use. Bamboos and thatching materials are, however, regularly 
soaked in the East prior to use. Experiments have established 
that the starch content of the storage tissue is reduced by pro- 
longed soaking, and this explains subsequent immunity of soaked 
materials from powder-post beetle attack. Starch depletion is, 
however, not the sole factor : laboratory-scale experiments with 
yellow meranti, a timber normally rich in starch, showed that 
soaking periods too short to remove noticeable quantities of 
starch (as determined by the iodine test) were effective in render- 
ing test blocks immune when subsequently exposed to attack. 
These, and similar experiments, suggest that the presence of 
some other, and presumably more soluble, substance than starch 
is essential to induce powder-post beetle attack ; the substance 
or substances have not, as yet, been isolated or identified. Starch 
depletion can bo achieved in this country by storing logs in the 
shade, with the bark on ; the parench3una cells remain alive 
sufficiently long to exhaust the stored starch during respiration. 
Exposed to the hot sun, or in the tropics, parenchyma cells die 
too quickly from lack of moisture to ensure exhaustion of starch, 
and there is the added risk during storage of still more serious 
losses from other forms of insect attack. 

The galleries of powder-post beetles are similar in diameter 
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to those of the smaller “ pin-hole ” borers. They run along the 
grain ; that is, paridlel with the vertical axis of the tree, but, as 
attack progresses, the separate galleries become merged, and all 
thp attacked wood, with the exception of a thin outer skin, is 
eventually reduced to a flour-like powder (Plate 67. flg. 1). 
Powder-post beetles are responsible for enormous damage to 
the sapwood of susceptible timbers, e.g., ash and oak, probably 
causing heavier flnancial losses in British yards than any other 
insect pest, and they may become a stiU more serious problem in 
the future as more and more of the light-wmght tropical hardwoods 
are used as softwood substitutes. 

CSontrol of powder-post beetle attack presents many difficulties. 
The total exclusion of sapwood of susceptible species will secure 
100 per cent, immunity from attack ; this course is probably only 
economically justified in first-class joinery, flooring, panelling, 
and furniture. With structural timbers, the amount of sapwood 
to be tolerated should be specified, e.g., sapwood not to exceed 
I of the width of any face, and not to occur on more than two 
faces of any one piece of timber. 

Prolonged storage of logs in water, as stated above, is effective 
in securing immunity from Lyetus attack, but the storage period 
for timber in log form is too long for the method to be practicable. 
Alternatively, prophylactic measures may be resorted to in 
an endeavour to secure immunity firom infestation during the 
seasoning and storage period, and prior to manufacture, since 
it is in these stipes that infestation usually occurs. To reduce 
the risk of infestation in timber yards and factories it is recom- 
mended that stocks be inspected twice yearly in March and 
October, yards should be kept clean and free fix>m accumulating 
sapwood waste, and only softwood or heartwood piling sticks 
should be used. Chemical control, by dipping of green timber 
immediately after conversion, is a practicable solution of the 
Lyclus problem in the United Kingdom up to the manufacturing 
stage ; that is, while timber is in stack for seasoning, or in store 
awaiting manufacture. The immersion period ordinarily recom- 
mended may be sufficient to confer complete immunity firom 
attack of timber dipped in veneer form, but is not effective for 
dimennon timber once the latter is dressed or re-sawn, because 
surfiace penetration of the toxic dhemicals alone is secured. 
The transitory nature of the proteoticm is, however, of high com- 
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mercial importance, where all the evidence points to infestation 
occurring prior to manufacture : if timber could reach the joineiy 
and wood-working shops immune from infestation, losses from 
Ltfdus attack would become of negligible importance in the 
United Kingdom. Long immersion periods, with heavy absorption 
of chemicals, are normally uneconomic in this country, but in 
Australia have been found both necessary and economic ; the 
chemicals used and the sterilization treatments recommended are 
discussed in Chapter XV. 

(2) Bostrychid powder-post &eei/es.— Except for differ- 
ences in size of galleries, the damage done by these insects is 
similar to that of the previous group. That is, the larvae tuimel 
in partially- or recently-seasoned sapwood of certain hardwoods, 
reducing the wood to a flour-like dust, which is slightly coarser 
in texture than that of the Lyctus group ; the galleries and exit 
holes are up to ^ in. in diameter. As with Lyctus, damage is con- 
fined to the sapwood. 

Bostrychid beetles are t 3 rpically larger than those of Lyctus 
species and they are pests of tropical rather than temperate 
regions, although there are a few species in temperate climates, in- 
cluding Apate capucina L. found in European oak. The adults are 
characterized by a hooded, roughened thorax covering the head, with 
a three- jointed club at the end of the antennae. The life cycles of the 
different species have not 1 oen the subject of such critical study 
as those of Lyctus, but it is apparent that the adults will infest 
timber in an appreciably wetter condition than that favoured by 
Lyctus : I have observed stacks ot mersawa heavily infested by 
a Bostrychid beetle within a few days of the timber being sawn, 
whereas Minthea (the commonest of the Lyctus group in Malaya) 
would be unlikely to infest timber until it had been in stick for 
several weeks. 

Bostrychid beetles also differ from the Lyctidae in their egg- 
laying habits : the adults bore into the wood, constructing a 
Y-shaped egg-tunnel, which is kept free from dust, and in which 
the female lays her eggs. When the eggs hatch the larvae con- 
tinue burrowing, but longitudinally, as do Lydus larvae, padring 
the gallery system with fine, flour-like dust. The methods of 
control of Boet/rychid beetles are identical with those for Lyctus 
beetles. 
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III. Pests oe Well-seasoned, Old Wood 

Furniture beetles, and the death-watch beetle, belong to the 
faiiiily AnobiidM, which are important pests of seasoned wood, 
although, paradoxically, occurring naturally in decaying stumps 
out-of-doors. There are several species of furniture beetles, 
belonging to more than one genus, but the most frequently 
encountered “ indoor ” species is Anobium functatum De G. The 
death-watch beetle is Xealobium rufovtllosum Oe G. 

(1) The common furniture beetle. — The natural home of 
this pest is out-of-doors, in decayed trees and posts, but it is 
better known as a pest of well-seasoned softwoods and hardwoods 
The damage is done by the larvae, which hatch from eggs laid 
in cracks in the wood, in joints of made-up wood-work, and, 
more rarely, in old flight holes. The larvae travel along the grain, 
but as they feed and grow they tunnel in all directions, filling their 
galleries with loosely-packed, granular frass, which feels gritty 
when rubbed between the fingers (Plate 58, figs. 3 and the 
pellets are appreciably thinner than those in longhorn borer frass. 

The life cycle and biology of the common furniture beetle have 
not yet been fully investigated The adults emerge in June, 
July, and August, and mate, when the females lay their eggs in 
suitable places ; they will not lay on smooth surfaces. The eggs 
hatch shortly after they are laid, and the larvae commence 
tunnelling into the wood, on which they feed. The length of the 
life cycle is known to be commonly one } ear, but, as with Lyctus, 
it is no doubt considerably extended when food supplies are not 
entirely suited to the pest’s requirements. 

The common furniture beetle is widely known as a pest of old 
fiimituro, and of hardwood constructional timbers in period 
houses, but more recently it appears to have become as common 
in softwood fiooring, shelvmg, and carcassing in houses of com- 
paratively recent date, t.e., houses built between the wars. It 
would seem that the timber has to “ mature ” to attract the 
furniture beetle, since it is commonly found in houses built fifteen 
years ago, but not in houses of similar t 3 q)e erected more recently. 
An even longer period appears to be required to render oak, and 
possibly other hardwoods, attractive, but accurate information 
is lack^ on such details. I have found the common furniture 
beetle in oak panelling after thirty years, but rengas in Malaya 
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was attacked by a difFerent species of Anobium within fire yeara. 
It seems reasonable to infer that slight chemical changes occur in 
cell'Wall substance or infiltrates over a period of years, which 
render the previously unattractive timber attractive. , 

In small articles of furniture and wooden ware the damage is 
not confined to sapwood, but in beams and constructional timbers 
generally, it usually is. In furniture and small wooden articles 
the damage done may be quite serious, as, for example, attack 
in the leg of a chair, but in hardwood constructional timbers 
attack is mainly confined to the sapwood, and structural damage 
is oiJy serious when the amount of sapwood is abnormally high. 
Attack in softwood timbers may develop to the extent of causing 
some timbers to collapse, if sufficient sapwood is present, but the 
presence of a beetle population is probably of more importance 
because of the risk of subsequent infestation of furniture. 

Control can be effected by repeated applications of suitable 
preservatives, particularly those of the solvent type, and by 
sterilisation or fumigation ; neither of the last two mentioned 
methods confers immunity from fresh infestation, but they are 
more certain in eradicating existing infestation. To reduce the 
risk of infestation, it is recommended that care be exercised in 
the purchase of second-hand wooden articles as these may well bo 
infested, thereby constituting a source of infestation for the spread 
of furniture beetles to sound timber. Fuel logs, and garden wood- 
work in close proximity to the house, are likely breeding grounds 
of furniture beetles from which infestation can spread indoors. 
The galleries of some furniture beetles may be distinguished firom 
the flight tunnels of dry-wood termites (vide page 234) by their 
being plugged with a black substance. 

(2) The deaihrwalch beetle. — This pest belongs to the same 
family as the furniture beetle, and its natural home is essentially 
similar. The beetle la 3 rs eggs in crevices, cracks, or old exit holes, 
and the larvae do the damage by tunnelling in, and feeding on, 
the wood. Attack is usually confined to old timbers of several 
species of hardwoods, but it has been known to spread to soft- 
wood timbers adjacent to infested hardwoods ; attack is not 
confined to the sapwood, but it is more likely to begin in sapwood 
than in hoartwood. Adequate moisture, and the presence of 
fungal decay, are conditions favourable for infestation. The 
galleries made by the larvae are about ^ in. in diameter ; they 
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are filled with ooanse firass, oontaiiiing bun-shaped pellets (Plate 
60, fig. 1). BemoTsl of decayed wood, and the causes of decay, 
are the first essential steps in eradicating death-watch-beetle 
infestation. All too frequently, however, major structural 
damage has occurred before the infestation is discovered, when 
replacement of the attacked timbers, rather than tn aUu chemical 
treatments, is the only practicable course. It is essential to 
check the construction of attacked buildings, as, although laige- 
sized timbers may have been used initially, subsequent shrinkage 
may have loosened vital carpentry joints. Moreover, the earlier 
craftsmen frequently used timbers the wrong way round, so that 
apparently generous timber sections have been loaded frrom the 
commencement almost to the limit of their safe working stresses. 
Wherever possible, it is preferable to use pressure-treated soft- 
wood timber in repairs, but, if for aesthetic reasons hanlwoods, and 
usually oak, must be used, such timber must be well seasoned and 
frree frrom sapwood. Not infrequently, the elimination of damp- 
ness responsible for the initial fungal decay, the replaceiyent of 
decayed and heavily attacked timbers, and the introduction of 
steel straps and the like to restore structural stability, will suffice, 
because any continuing attack will die out when conditions 
adverse to the rapid development of the beetle are established. 

The life cycle and biology of the death-watch beetle have been 
exhaustively studied by Dr. B. C. Fisher, who concludes that the 
length of the life cycle is dependent upon the moisture content 
of the timber, the presence and extent of fungal decay, and also 
upon temperature”. Under optimum conditions the life cycle 
may be only one year, but in less favourable circumstances it 
may be prolonged over two or more years. Heavy infestation 
is often accompanied by Corycorinetea coendeus, a steely blue, 
hairy beetle, wffich is predatory on the death-watch beetle. 

IV. OTHER TIMBER BEETLES 

Several other beetles may sometimes be responsible for causing 
damage to timber in service, but the only two likely to be en- 
countered at all frequently in this country are the wood-boring 
weevils, family CosaonidM and Emobiua moUia L. The wood- 
boring weevils are essentially secondary infestation, following on 
fungal decay, and, in tackling this, the secondary pest is also 
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eliminated. PentarArum kuttoni Wallaston is probably the com- 
monest wood -boring weevil, and the damage done resembles that 
caused by the common furniture beetle. The frass or dust is 
rather finer, usually round, and the conspicuous “ snout ” of tlje 
weevil is a final clue to the pest at work (Plate 60, fig. 2). 

Emdbiua mMia L. is of no economic importance ; it has not 
as yet acquired a popular name. It is a reddish or chestnut- 
brown beetle, up to | in. long, which leaves fiight holes resembling 
those of the furniture beetle. The frass consists of small bun- 
shaped pellets, resembling those of the deatfr-watch beetle but 
appreciably smaller, which is characteristically a mixture of red- 
brown and white particles because the larvae feed on bark of 
softwoods, often just penetrating the outer sapwood. Attack is 
quite common when the inner hark has been left on the wany 
edges of carcassing timbers. Bemovai of the bark Yning^ an 
attack to an end, and there is no need for any additioiud chemical 
treatment. Damage is only likely to result if grounds with bark 
still adhering have been used as the fixings for panelling. In 
boring their way out, the adults may leave flight holes that 
disfigure the panelling, besides giving rise to alarm. 

It is important to stress that mere discovery of a flight hole, 
or even the finding of bore dust, is not necessarily a cause for 
^alarm. It is important to identify the dust before having resort 
to expensive in situ chemical treatments, which, so often, are 
quite unnecessary because attack has ceased, or, alternatively, 
substantial structural repairs may be called for and in situ 
chemical treatments will be totally inadequate and probably 
unnecessary. 

The wharf borer, Naeerda malanura L., should also be men- 
tioned ; it is a large beetle, superficially similar to some longhorn 
beetles, which leaves a flight hole about J in. in diameter ; attack 
is confined to decayed timber. 


V. Termites 

The insect pests discussed in the preceding pages ate those 
that commonly occur in temperate regions ; the same species, or 
close relatives, and other iiueots unknown in cooler regions, axe 
pests of timber in the sub-tropics aqd tropics. In these regions 
termites or white eats are the most serious insect pests ; they 
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probably cause more damage to timber annually than do all other 
insect pests together. Termites also destroy many other com- 
modities, accounting for losses running into hundreds of thousands 
qf pounds annually. Simple control measures exist, which wotdd 
reduce the termite problem in the tropics to negligible proportions 
but, paradoxically, efEective precautions of any kind are rarely 
taken. 

There are many species of termites, but those that attack 
timber may be classified into one or other of two broad groups : 
subterranean termites and dry-wood termites. The former live in 
large colonies in the ground, and must retain an unbroken covered 
earthway from the soil to their feeding grounds. There is no 
risk of attack commencing from the swarms of termites that fiy 
into houses at night ; these individuals shed their wings and die 
by the morning, because they fail to regain a nest before their 
water requirements can be met. Dry-wood termites live in small 
colonies in thoroughly seasoned wood on which they feed ; 4hey 
require no access to the soil. 

Termites do not make definite tunnels in timber, but they do 
tend to feed in restricted zones that become packed with mud as 
attack progresses (Plate 66, fig. 4). Attack on timber in the 
ground is somewhat different fix>m attack above ground : naturally 
resistant timbers tend to bo gnawed by termites, but the soft, non- 
resistant species may be completely hollowed out, except for an 
outside skin of wood. Contrary to popular statements, no timber 
is immune to subterranean termite attack, but tho range in 
resistance of different timbers is appreciable : exposed to con- 
ditions of equal intensity of attack one timber may last less 
than six months and another more than ten years, with many 
other timbers with a variable serviceable life between these 
extremes. Moreover, resistance to fungal decay is not necessarily 
an indication of resistance to subterranean termite attack. For 
example, such naturally decay-resistant timber as heartwood oak 
does not show up well if exposed to termite attack. Conversely, 
some tropical timbers that are not regarded as particularly 
durable in their countries of origin, where termites are a moro 
serious problem than fungi, may prove exceptionally resistant in 
temperate regions, where fungal decay is the serious hazard — 
examples axe kempas and kapur. Hardness of a timber is no 
criterion of its powers of redstance. 
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Dry*wood tormites invaxiably feed just below the euifeoe of 
wood, ajid in most timbers attack is more or less confined to 
the sapwood ; they produce granular dust, appreciably coarser 
than that of furniture beetles, which showers out when the souad 
alrin of wood left on the surface of an attacked piece of timber is 
broken. The feeding termites also push out granular dust through 
their exit holes, the mounds of this dust often being the only 
evidence of attack in progress. The flight holes resemble those 
of *iome furniture beetles, but they are not plugged with black 
solid dejjosits. 

Termites need not bo nearly so serious a timber problem as 
they arc generally supposed to be, and, of the two types, dry- 
wood termites are more troublesome than subterranean termites, 
because of dilficuliios of control : difTerences in the habits of the 
two groups result in precautions for rendering buildings proof 
against subterrnnean termites being inefiective against dry-wood 
termites. Effective control against the former is secured by 
proper design and construction of buildings : ant barriers must 
be provided at ground level. The simplest barrier in raised 
buildings is an oil channel around the feet of posts where they 
emerge from their foundations ; whore walls are contiguous to 
the foundations a strip of metal, extending 2 to 3 in. ^m the 
, wall face, and jirojecting downwards at an angle of 46°, let 
into the damp-proof course below the ground-floor floor joists, 
is effective. With solid floors it is necessary to provide an 
impervious floor all over the site : at least 6 in. of concrete, 
laid on foundations, proof against settlements, and extending 
through all walls, is recommended. Where these barriers cannot 
be provided, as, for example, with much timber used in contact 
with the ground (railway sleepers, fence posts, and poles), no 
timber will last indefinitely, andvthe choice is between the 
naturally resistant timbers or the less resistant ones adequately 
treated with wood preservatives. Chemical control of sub- 
terranean termites, usually involving the introduction of white 
arsenic powder into the runways, is effective in keeping down the 
termite populatfen, but it is a palliative and not a curative 
measure, in spite of claims to the contrary. Extermination of 
termites by bacteriological methods is claimed for some pro- 
prietary products, but investigation of these has feiled to establish 
that they work in any other way than as direct atsemous poisons. 
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Brush applioati<niB of wood preservatives, unless repeated at 
frequent intervals, ».e., six to twelve months, are not eftective 
in rendering wood immune ftom. subterranean termite attack. 
Pressure processes are in a different cat^ory : with adequate 
absorptions of suitable preservatives, wood can be made to out* 
last its mechanical life, i.e., a properly treated railway sleeper 
will fail fit)m rail-cutting or spike-killing rather than from 
termite attack or, for that matter, fungal decay. 

Dry-wood termites cannot be controlled >in the same way as 
subterranean termites : given a susceptible wood, or exposure to 
attack, no economic methods exist for conferring immunity firom 
dry-wood termite activity. The posts can be positively eliminated 
fi^m building timbers and other indoor wood-work by screening 
buildings with fine metal gauze, a course that is extremely 
expensive and usually impracticable. Alternatively, reasonable 
precautions can be adopted that will minimize the risk of dry- 
wood termite attack, with dependence on curative measures when 
attack occurs. An American authority recommends the painting 
of wooden surfaces as an effective method of denying dry-frood 
termites entry into timber, and where this is practicable the course 
should be adopted, e.g., for joinery. Planing has been suggested, 
but this is not an economical measure for carcassing timbers. It 
seems probable that the total exclusion of sapwood may appreci-, 
ably delay dry-wood termite attack, even if it does not confer 
complete immunity. 

The natine of the damage caused by dry-wood termites is apt 
to be muleading ; at first sight the damage appears devastating, 
but closer inspection usually reveab the destruction to be less 
severe than was thought. In furniture, jMuielling, and high-class 
joinery, even a small amount of damage may be serious, because 
the appearance is spoiled, but in carcassing timbers it is necessary 
for the damage to be sufficiently serious to weaken the structure 
before alarm need rise. In practice, dry-wood termite attack 
is localized — some wooden members may be attacked while 
adjacent ones are quite free. Moreover, it is usually only parts 
of such members that are infested, and then often only to a 
depth of about | in. If the infested zone is removed, and the 
remainder of the timber is liberally dressed with an oil-solvent 
wood ineservative, or even a volatile toxio substance such as 
orthodiohlorobenzene, attack will often cease, and the reduced 
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member is usoaUy still strong miongh to oaxty the load required 
of it. It is probable that preparations suitable for eradicating 
furniture beetle attack will also prove effective against dry-wood 
termites. 


VI. Marine Bobers 

Although not insects, several marine organisms, of which the 
teredo or ship-worm is probably the best known, are responsible 
for heavy losses with timber used in salt water. Intensity of 
attack varies in different regions, but is generally much more 
severe in tropical than in temperate cUmates : even the naturally 
resistant species such as greenheart and billian may have a very 
short service life in some tropical waters. The damage done 
takes the form of tunnelling, either vertically or horizontally, 
in the wood, n^hich may be so extensive as to destroy the strength 
properties of a timber member completely. 

Any wood used in brackish water * is liable to attack, and only 
in situations where infestation is known to be slight is it economical 
to depend on naturally resistant timbers. Pressure treatments 
with capacity absorptions of creosote or other good preservatives 
have been found effective in temperate waters, but metal sheath- 
ing, or studding the timber with nails, are likely to prove more 
economical wherever marine borers are particularly active. These 
aspects are discussed in Chapter XIV. Many, but not all, of the 
timbers that are resistant lo a greater or less degree to marine 
borer attack have been found to contain silica deposits in their 
storage tissue. Some timbers coni lining appreciable quantities 
of silica, however, have not revealed any particular resistance 
when exposed to attack. 

^ There is some evidence to suggest that water can be too salt for optimum 
development of the teredo, whereas very low concentrations have been found to 
be associated with exceptionally heavy infostation. 
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THE PRESERVATION OF WOOD 

GENERAL PRINCIPLES 

Although no timber is immune to deterioration and ultimate 
disintegration if exposed for a sufficiently long period to ordinary 
atmospheric conditions, the serviceable life of individual pieces 
of wood varies considerably, depending on the species concerned, 
the amount of sapwood present, the use to which the timber is 
put, and the situation and atmospheric oonditioits to which it 
is exposed. For example, sound wood has been recovered from 
the Egyptian tombs and from piles driven into mud hundreds of 
years ago ; in these, and similar instances, preservation is to 
be attributed to protection from the atmospliere rather thSn to 
inherent durability of the timber used. There is no doubt that 
many species generally considered non-durable would last in- 
definitely under such conditions. The persistence in the forest 
for several centuries of sound stumps of western red cedar is, 
however, only explained by the natural durability of that species 
when exposed to ordinary atmospheric conditions. On the other 
hand, even the most durable timbers may last only a few years 
if placed in a warm, damp, and badly-ventilated position. 

The principal causes of deterioration of wood in service, as 
distinct from deterioration during seasoning, are fungal infection, 
termite and other insect or marine-borer attack, mechanical 
failure, and fire. The resistance of a timber to these agents of 
destruction may frequently be increased by the use of a suitable 
chemical, applied as a preservative. One or two substances were 
used for this purpose as long ago as Roman times, but the ex- 
tensive use of wood preservatives is a development of the last 
hundred years. In practice, preservatives are usually applied to 
non-durable timbers so as to render the treated wood sufficiently 
resistant to the agents of deterioration to warrant its replacing a 
naturally durable, but more expensive, timber. The chemicals 
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used are legion, and several methods of application are advocated. 
The selection of the most suitable chemical and method of treat- 
ment are of the utmost importance and must be based on a 
thoTou^ understanding of the scope and limitations of pr^ 
servative treatments ; none confers complete immunity, and a 
treatment suitable for one particular set of conditions may be 
useless for others. 


FIRE-PROOFING 

Wood is highly combustible but non-inflammable ; that is, 
although in favourable circumstances any wood may be burnt 
to ash, timber is, comparatively speaking, not readily ignited. 
This statement applies equally to the most resinous species and 
to those furnishing the poorest firewood. Certain timbers are 
classed as fire-resistant under the London County Council Bye- 
laws ; such timbers have withstood a standard flame test, or 
have shown themselves capable, under certain conditions, of 
resisting the ^lassage of flame during a definite, arbitrary period. 

Wood heated to a temperature of about 250° C. will decompose, 
producing inflammable gases and charcoal. This is what happens 
when the surface of wood is exposed to a flame or to radiant heat. 
If the inflammable gases are produced in sufiicient quantities and 
ignited, their combustion raisin the temperature of wood further 
'm, and, in consequence, the fire is kept going until all the wood 
is ultimately completely consumed or burned. 

Timber above a certain critical thickness, which is of the order 
of i m., cannot support self-maintained combustion, and continued 
burning is only possible so long as the surface receives an additional 
heat output from some radiant source such as the flames of a 
neighbouring fire. The formation of charcoal on the outside of 
a piece of wood probably acts as a screen against radiant or con- 
ducted heat, thereby retarding distillation of inflammable gases 
firom within. In consequence, the rate of burning is much 
reduced, and, when the layer of charcoal is sufficiently thick, 
burning may become so slow that insufficient heat is produced 
to continue the decomposition of wood further in, and the fire 
goes out. This is what happens with timbers of large dimensions, 
and explains why. in quite large fires, heavy timber posts and 
beams often survive when a building is otherwise completely 
gutted by fire. 
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The low thermal oonduotivity of wood has an important 
bearing on the way burning wood transmits a fire. Some of the 
heat produced is immediately radiated outwards, some is absorbed 
in raising the temperature of wood just inside the burning area, 
and the remainder is conducted to tte opposite fiice, whence it is 
radiated. Further, the behaviour of fiames is important. Th^ 
rise upwards, and therefore teansmit more heat to wood above 
the source of the flames than to that below or to the sides. Hence, 
wood held vertically and ignited at the bottom will bum mote 
readily than the same wood ignited at the top or held horizontally. 
This explains why doors, panelling, and other vertically disposed 
timbers constitute a greater fire hazard than beams and floors 
(the greater size of beams and floors is also in their favour). 

So-called “ fire-proofing ” processes are effective in so far as 
they prevent flaming of the inflammable gases, or combustion of 
the charcoal : they do not prevent chemical decomposition of the 
wood, but they alter the form that this decomposition takes. 
They ate, therefore, fire-retarding rather than fire-proofing pro- 
cesses. Gay-Lussac postulated certain theories regarding the 
action of “ fire-proofing ” salts as long ago as 1821, an^ these 
theories, enlarged upon by subsequent workers, have been 
generally accepted until quite recently. It was held that suitable 
chemicals acted in one or more of the following ways : 

(1) The chemical melts at a temperatiue below that at which 
wood decomposes, forming a glaze over the surface and preventing 
access of oxygen to the wood. 

(2) The chemical decomposes under heat, yielding non- 
inflammable gases that dilute the inflammable gases from the 
decomposing wood sufficiently to produce a non-inflammable 
mixture. 

(3) The chemical vaporizes at relatively low temperatures, 
absorbing sufficient heat to prevent the temperature of the wood 
rising to the critical decomposition point. This is the action of 
water on a fire : it requires more than six times as much heat to 
tom boiling water into steam than is required to heat the same 
volume of water from 60° F. to boiling point. Heat dissipated 
in this way makes less available for continuing the chemical 
decomposition by burning of whatever else is “ on fire 

Recent research indicates that the efficient fire-retardant 
for the treatment of wood are those that, under heat, 
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inoreaae the yield of solid charooal and water vapour at the 
expense of inflammable vapours responsible for flaming. The 
inflammable ga,ses are produced in insufficient quantities to 
provide an inflammable mixture, so that the treated timber 
does not flame, and the denser charcoal is so modified that' it 
does not glow under normal conditions. The action, beiog a 
chemical one, depends for its efficiency on intimate contact 
between the fire-retardant chemical and the wood. In practice, 
this calls for impregnation of the wood, usually under pressure, 
with a solution of the chemical : brush applications are altogether 
too superficial to be of any value. Large-size timbers cannot be 
completely impregnated, but an average penetration to a depth 
of 1 to 1^ in. is desirable. The alternative, of copious brush 
applications, essential for timber in aUu, is much less effective 
t^n treatments under pressure. 

Several Chemicals could be expected to act in the way 
mentioned above, but for reasons of cost, and such other factors 
us corrosion, hygroscopicity, and toxicity, selection of a fire- 
retai'dant for wood is narrowed to two or throe : monammonium 
phosphate, boric acid, borax, mixtures of these, and diammonium 
phosphate. 

For timber in iitu, fire-retardant paints confer some degree of 
protection, and are probably to bo preferred to brush applications 
of aqueous solutions of fire-retardant clioraicals. These “ paints ”, 
which are really plasters, function as an insulating and reflecting 
layer ; they do not control the chemical breakdown of wood 
under heat. The paints may consist of a thin mixture of calcium 
sulphate plaster, or sodium or potassium silicate with an inert 
filler. The following formula for a fire-retardant point has been 
proposed in B.S./A.R.P. 33 : 

Sodium silicate 112 1b. 

Water 100 lb. 

Kaolin 150 lb. 

Such paint should be applied either by two brush coats or by a 
spray, to give a covering of 20 to 26 sq. yards to the gallon. This, 
and other fire-retardant paints, have a limited practical application : 
they offer praotioally no protection in the event of an intense fire, 
they are not durable undm’ exposed conditions, and they cannot 
be applied to timber already painted with an oil paint. 


& 
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Kotwiibstanding its combostilnliiy, wood is, and always will 
be, an essential constructional matraial. Its qiedfio beat is 
relatively high, and its conductivity is low: comparison, 

most metals require less heat than wood to raise their temperature 
ally given amount, and they conduct heat more rapidly. Hence, 
wood is often effective in retarding the rapid spread of a ffie. 
Moreover, initial failure of constructional wood-work in a fire 
can usually be traced to the phenomenon of shrinkage. Wood, 
like other materials, expands when heate^ but this expansion 
is more than offset by shrinkage of the wood consequent upon 
the loss of moisture from the fine cell-wall structure. Shrinluge 
may result in built-up timber, e.y., panels and styles in a door, 
pulling apart, thereby providing gaps through which flames can 
pass before the wood itself is consumed. On the other hand, 
the delay, compared with the rapid transference of heat by con- 
duction through metal barriers, is sometimes sufScient to enable 
a fire to be got under control before serious damage has occurred. 

A combination of different factors results in all-timber dwell- 
ings actually constituting a smaller fire risk, from the insurance 
standpoint, in America, than dwellings constructed of alterfiative 
materials. The timber house is naturally better insulated than a 
brick one, and, in consequence, does not call for excessive strain 
on the heating S3rstem to mamtain comfortable conditions indoors, 
and over-straining of heating systems, to make good heat losses 
through walla and roof, is a fioiitful cause of fires. Another source 
of fires in dwellings is a defective flue. With any reasonable 
standard of construction, chimney flues are completely isolated 
from the timber frame in an all-wood house, and, consequently, 
defects developing in flues are loss likely to give rise to fires in 
timber dwellings, compared with brick structures, where the same 
precautions are not taken, and the brickwork supporting joists, 
etc., is of necessity bonded to the brickwork around flues. 

Because of the tendency for wood to char, rather than burn 
rapidly itself, heavy-timW ” construction is often preferred in 
America to unprotected steel framing, when the fire hazard is 
unavoidably high ; the burning contents of a building produce 
heat sufiicient to cause steel framing to buckle, resulting in 
collapse of the building and a total loss, whereas charring of heavy 
timbm delaya coUapse, often enabling the fixe to be got undn 
control before the timber members have been so weakened that 
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tib^ ue liable to fsul, and the building, if not its contents, is 
saved. “ Heavy-timber '* oonstnietion can seldom be oonsidmed 
in this oonntty because of the rdative high cost of large<sized 
timbeis. 

Hie scope for fire-retarding treatments in non-timber-produ- 
eing countries is, for economic reasons, strictly limited. Ordinarily, 
sound constructional technique, the use of fire-stops (pieces of 
wood or inoombusrible material) to seal off floors and partitions, 
and inristence on seasoned timber, properly framed together, for 
joinery and interior finishings generally, will meet all normal 
requirements. Bye-laws require the use of so-called fire-resistant 
timbers for certain purposes. Selection of such timbers in other 
drcumstances is, however, seldom justified : if timber is suitable, 
other factors than the fire hazard should govern choice of species. 
Precautions against mcendiary bomb attack introduce abnormal 
factors, wheA fire-retardant treatments may have a very real 
application. Joinery and finishings in ships, exhibition wood- 
work, and stage scenery, on the other hand, are in a different 
category, and even when the regulations do not call for fire- 
retardant treatments, their use is generally to be recommended. 
Wherever laminated-wood construction is an economically sound 
method of construction, as it is today in many timber-producing 
countries, the extended use of fire-retardant chemicdls under 
pressure would appear to be fully justified. 

MECHANICAL WEAR OR FAILURE 

In many situations the life of timber is limited by mechanical 
wear, against which urdmaty preservative treatments are in- 
effective. The serviceable life can sometimes be extended, how- 
ever, by attention to design, and the selection of the most suitable 
timber in the first instance. Experience has shown, for example, 
that for fiooring blocks, subjected to an abrasive action, quarter- 
sawn (edge-grain) timber has a loi^r life than flat-sawn timber, 
and paving blocks usually last longer when laid on a resilient, 
rather than on a rigid, foundation. The corrosive action of 
sulphuric add and hydroohlorio add fiunes is sometimes regarded 
as a special form of mechanical wear. Timber brought into contact 
with hydrochkwic add gas fumes may be seriously weakened in a 
Burprisinc^y short space of time, and the action of sulphuric add 
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<m wooden cases of storage batteries is well known. Qidinaiy 
IHceservatiyes are ineffeorive against such forms of corrosion, bnt 
protection may be afforded by impermeable coatings of wax or 
other snitable material. A few timbers, e.p., abnra and southern 
q^ress, are relatively add-resistant, and would probably prove 
more economical than the usual constructional timbers in positions 
subject to the slow action of corrosive substances. Where corrosive 
action is rapid, protection of timber by a mechanical barrier, such 
as wax or a suitable paint, is likely to prov^ more effective than 
dependence on the natural resistance of a few timbers to acid 
fumes. 


WEATHERING 

Another aspect of mechanical wear is the weathering of timber 
exposed to the elements. The constant wetting of the surface of 
wood by rain, followed by rapid drying when the sttn comes out, 
results in checking and deterioration of the wood surface, which 
increases the hazard of infection by decaying agents, in the main 
wood-rotting fungi. Checking and slow disintegration of the 
surface constitute weathering ; decay, which may follow^ is a 
secondary condition. Hence, a mechanical barrier is essential 
to combat weathering, and for this a good oil paint is best. It is 
important to maintain such a surface, by regular renewal, before 
the paint film breaks down. The toxic properties of wood pre- 
servatives offer no protection against weathering, and such sub- 
stances are, therefore, of no avail unless they also provide a 
semi-permeable or impermeable film as a mechanical barrier to 
the action of the elements. Weathering can occur, and persist 
for a long time, without decay developing : siding of buildings 
in Iowa that has never been painted has weathered, but is still 
quite serviceable after eighty years. 

COMPRESSED WOOD 

The development of synthetic resin-forming chemicals, phenol- 
formaldehyde mixes, has opened up a new field for the chemical 
treatment of wood. The principal use with wood products is 
to increase the stability of wood against shrinkage and swelling, 
bnt syntheric-resm treatments also significantly improve certain 
mechanical propwties. For example, impregnation of maple to 
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the extent of 20 fex cent, of the dry weight of wood, becddes 
xedudng shrinkage and swelling permanently, has been found to 
increase side-hardness by 40 per cent, oyer untreated wood. Such 
chemical treatments have a limited application : their effective- 
ness depends on the resins being deposited in the fine cell-wall 
structure ; they are, therefore, only suitable if applied under 
pressure. Treatments to increase side-hardness would appear to 
have economic possibilities for such special purposes as flooring 
subjected to exceptionally heavy traffic. 

Several kinds of compressed wood have been developed in 
recent years . staypak is wood compressed at sufficiently high 
temperatures and moisture contents to cause the lignin to flow, 
thereby relieving internal stresses. It is stated to have advantages 
over don&ified wood (improved wood), and resm-treated compressed 
wood (compmg), in that although it will swell appreciably under 
conditions that cause swelling in wood, it will return to practically 
the original compressed thickness on drying to the origina] 
moisture content. Improved wood is wood compressed under 
conditions that do not cause flow of the lignin cementing material 
in the cell-wall structure ; it may be made from solid wood or 
veneers preferably assembled with a synthetic resin glue. Com- 
preg is resin-treated wood that is stabilized in the compressed 
form by the resm ; the process has been appUed to veneers. 

Staypak, improved wood (whether made firom solid wood or 
veneers), and oompreg c..n hardly be considered as “ wood ” ; 
they are manufactured products, the raw material for which is 
wood. In consequence, it is not uprising that these products 
have special properties not to be found m ordinary wood. In 
addition to improved stability, the strength properties ate not 
unnaturally very considerably increased, compared with untreated 
wood, rendering compressed wood suitable for a variety of new 
purposes, besides being a superior product for certain old uses. 
The treatments, and the chemicals used, however, moke the 
resultant product relatively costly. The various forms of com- 
pressed wood were of special value for meeting war needs, when 
cost was often a secondary factor, and for such articles as aero- 
plane propellers they will fill peace-time requirements. There 
does not, however, appear to be unlimited scope for these pro- 
ducts, and they are no substitute, nor a practicable process for 
the treatment of wood, to be use^ as timber. 
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FUNGI AND INSECTS 

Wood preaerratives are used muiily to increase the renstaaoe 
of timbers to insect attack and fungal infection ; they axe also 
used in the elimination, or control, of attack in progress, an 
aspect already referred to in Chapters XII and XIII. Many 
substances have been tried as wood preservatives ; some have 
proved excellent and others worthless, but none can claim to be 
the best in all circumstances. 

THE PROPERTIES OF PRESERVATIVES 

It is important to keep in mind the special drcumstanoes of 
each particular job when selecting a wood preservative. For 
example, a substance that is readily soluble in water may be 
excellent for indoor use but worthless for outside work, and, 
conversely, a substance with a pronounced odour may be quite 
satisfactory for outdoor work but totally unsuitable for indoor 
use. Extravagant claims on behalf of proprietary products should 
always be accepted with reservation ; even the best preservative 
only prolongs the life of wood, it does not confer immunity from 
attack for ever. 

The ideal wood preservative has yet to be found, but the 
properties desirable in such an agent may be emunerated, and 
are useful as a basis for comparison. It should be : ^ 

1. Highly poisonous (toxic) to fungi and insects. 

2. Rcaddy penetrating into wood. 

3. Cihemically stable (t.e., not readily volatilized or easily de- 
composed, and, for outdoor use, not easily leached out). 

4. Easy to apply and not dangerous or harmful to those 
applying it or subsequently handling the treated timber. 

6. Non-deleterious in effect on the timber treated. 

6. Cheap and readily obtainable. 

7. Non-corrosive to iron, steel, or other materials, according 
to circumstanoes. 

8. Fire-resistant, or at least not liable to increase the inflam- 
mability of wood (this is of secondary importance in timber 
for fence posts, gates, and other similar purposes). 
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Tbs folloiring additional qualitieB axe sometimes important, espe* 
oially for indocnr application : 

9. Odourless. 

10. Ccdourless and free from effect on subsequent painting or 
finishing processes. 

The first three properties are essential qualities of any wood 
preservatiTe, and the remainder are of diminishing importance, 
according to drcumstances. 


CLASSES OP WOOD PRESERVATIVES 

In general, existing preservatives may bo divided into three 
classes : (s) the tar-nU group, e.g., creosote, (b) water-soluble salts, 
e.g., zinc chloride, silicofiuoiides, arsenic salts, copper salts, and 
(o) solvent-type wood preservatives in which the toxic substances 
ate dissolved in certain spirits or other volatile liquids. 

Some preservatives consist of mixtures of two or more classes, 
and, in addition, there are volatile substances, the vapour of which 
is the toxic element. 

(1) The tar-oU group of wood preservatives.— In this 
group is creosote, a complex substance derived from coal or wood 
distillation. The toxic elements ore frequently phenolic bodies, 
but it is apparent that several of the other 200-odd constituents 
may possess valuable to;.ic properties : some creosotes poor in 
phenolic bodies ore quite good wood preservatives. Not all 
“ creosotes ” are equivalent in quality : some are the products 
of prolonged distillation that leaves only high-boiling tars of low 
toxic value. Coal-tar distillates are likely to be superior to wood- 
tar derivatives. To ensure a good grade creosote it is advisable 
to purchase on the basis of some accepted standard : in this con- 
nection the British Standards Institution specification No. 144 of 
1936, mr the Australian draft specification No. K.56, ensure high- 
grade preservatives. The former specification defines three types 
of creosote, two being the products of distillation from vertical 
retorts (types A2 and B), and one from horizontal retorts (type A). 
Servioe tests have failed to prove that any one type is superior 
to the others: type A is the heaviest. Ckeosote is sometimes 
mixed with Diesel oil where the latter is appreciably cheaper. 
Provided adequate absorptionil are secured, the mixture oan 
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^eot worth-while economiee in certain drcumstanoea, e.g., for 
railway sleepers linuted in life by rail-cutting. Tests with 
mixtures in ratios of 75 per cent, creosote and 26 per cent. 
Diesel oil, 50/50, and 25/76, have established that reducing the 
percentage of creosote reduces the efficacy of the preservative. 
There is some evidence that the addition of fuel oil reduces 
subsequent splitting of the treated wood. 

Although conforming to standard spocffications, creosotes 
prepared firom different coals vary in cleanliness, and in the 
amount of sludge produced when mixed with fuel oils. One firm 
in the tropics imported creosote from Scotland because cleaning 
of the tankers in which the creosote was delivered was least 
costly with this particular creosote. Many creosotes are sold 
under proprietary names : some of these preservatives are 
excellent and others less so ; greater cleanliness, an^ their being 
marketed in convenient one-gallon or smaller quantities, are the 
special merits of the best of these products, which tend to be 
very much more costly than non-proprietary creosote. 

(2) Water-soluble salts. — The common water-soluble 
wood preservatives include zinc chloride, sodium fiuorido, and 
magnesium silJcofiuoride. Salts of copper, potassium, and arsenic 
are also extensively used, and borax. Some of these salts are 
essentially fungicides, whereas others are more suitable as in- 
secticides : copper salts are good fungicides, and arsenic prepara- 
tions are good insecticides. Sodium pentachlorophenate, manu- 
factured by Monsanto Chemicals Ltd., has given very good results 
as a fungicide when used as a 5 per cent, solution in water , it is 
marketed under the registered name of “ Santobrite ”, or as 
“Cuprinol” for brickwork. When purchased direct from the 
manufacturers, it is likely to prove the most generally useful, in- 
expensive frmgicido in conditions where in attu application of a 
watmr-soluble preservative is appropriate. 

Several proprietary water-soluble preservatives are available 
whidh ace useful for small jobs. For larger programmes, it is 
obviously more economical to purchase the appropriate chemicals 
for dissolving in water on the site, in preference to buying ready- 
made solutions containing a high percentage of water on which 
distribution and freight charges are incurred. 

Certain patented water-soluble wood pceservatives employ 
two water-soluble toxic salts, and an oxidizing agent, with the 
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object of depositing insoluble forms of those salts in the wood. 
The toxic salts are usually water-soluble copper and arsenic salts. 
Service tests of certain of these proprietary products have given 
encouraging results. As with any preservative, however, an 
adequate treatment is essential. Preservatives of this type are not 
ordinarily marketed to the public. Instead, the firms manu* 
facturing the chemicals undertake the treating of timber under 
pressure in their own plants, or, alternatively, they supply the 
chemicals to firms owning approved plants, and the latter carry 
out the treatments, fiirnishing those who supply the chemicals 
with records of each treatment process. The Celcure and Tanalising 
processes are operated in this way in this country. 

The special application of these and similar treatments is as 
an alternative to creosote, when resistance to leaching is impor- 
tant and freeilom from odour and a paint finish are required 
They are likely to be more economical than creosote when treat- 
ments are carried out at great distances from production centres 
because freight charges are incurred on the toxic ingredients only 
and not on the non-toxic solvents, be these v^ater or oils. It 
must not be overlooked that timber pressure treated with water- 
soluble salts has a very high moisture content immediately after 
treatment and must be dried before being put into service ; for 
many purposes this may entail kiln drying after treatment to 
obviate delays in the building or repairs programme. 

A recent development i the use of a new form of boron of 
high solubility named “ Timbor ”, produced by Borax Consolidated. 
Limited, which is being extensively used in New Zealand and 
Australia. The treatment has to be applied immediately after 
conversion from the log, the converted timber being dipp^ in or 
sprayed with a very strong solution of boron and then covered 
up to permit of penetration of boron by diffusion, when excellent 
penetration, even of the heartwood, is secured. 

(3) Organic solvent wood preservatives. — ^These consist 
of toxic substances soluble in refined paraffins (and other petroleum 
oils) or white spirit ; they are more expensive than water-soluble 
preservatives because of the higher cost of the solvent. Experi* 
ments indicate that permeability of this group of preservatives is 
usually good and Inost are reasonably permanent for both interior 
and exterior use ; they are usually non-creeping once the solvent 
has evaporated and the treated surfaces can generally be painted 
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dry. Most have a strong odour and taint foodstulb even 
witiiout the food being in actual contact with the treated ^vood. 
The solvents are inflammable, and some have dangerously low 
flash points, calling for espedal care in use and in storage. 

The spirit solvent preservatives are quick drying and the 
solvents usually have a less persistent and objectionable odour 
than the petroleum oil products. The latter especially may be 
detrimental to polished sur&ces and, because of the fumes given 
off, masks and goggles should be worn wheh spraying. With the 
solvents at present in general use, it is possible that the spirit 
solvents have better penetrating qualities, but the oil industry 
is constantly conducting experimental work, which may provide 
“ oils ” with better and better penetrating qualities. Oils are 
cheaper than the spirits as solvents. 

The oil-solvent preservative are of three distinct types : those 
whose toxic ingredients are wholly volatile, although complete 
volatilization may be prolonged over a period of two to three 
years, those whose ingredients are non-volatile, being retained 
more or less permanently in the wood, and those that include 
both volatile and non-volatile toxic ingredients. Quite apart 
from differences in merit of the many toxic ingredients used in 
oil-solvent preservatives, the class of product that should be used 
depends on the nature of the problem : eradication of active 
“ insect ” infestation necessitates the use of a preservative con- 
taining volatile ingredients. If there is no risk of recurrence of 
infestation, and, assuming adequate, effective penetration, volatile 
substances alone suffioe for dealing with an outbreak. For purely 
prophylactic purposes, that is, as insurance against possible future 
attack, whetW by insects or fungi, and in combating fungal 
attack in all circumstances, the non-volatile toxic ingredients are 
the effective ones. Where active beetle attack is involved, a 
preservative containing both volatile and non-volatdle ingredients 
is usually advisable : it is seldom possible to ensure complete 
penetration of the wood, and hence destruction of the pest in all 
stages, in one application, and the likelihood of re-infestation from 
any beetles that survive, or from an outside source at some later 
date, is usually appredable. 

Orthodichlorobenzene and paradiohlorobenzene, and, mote re- 
Icnowzi to IM 
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D.D.T. has been added to aome oommeroial fonnalae. Fenta* 
ohloropfaenol and copper naphthenate are examples of " porana* 
nent ” toxic ingiedlmits. In choosing a proprietary product, it is 
essmitial to know to which of the three categories discussed aboue 
a particular preservative belongs. Formulae of proprietary pro- 
ducts tend to be changed firom time to time, which may invalidate 
the significance of test results from Governmental laboratories — 
there is a constant search for cheaper solvents, some of which are 
not capable of retaining in solution the requisite proportions of 
the valuable toxic ingredients. A 5 per cent, solution of penta- 
chlorophenol in an oil solvent is the cheapest type of oil solvent 
preservative for us as a fungicide or for prophylactic purposes, and 
“Gammexane” emulsion concentrate in 20 volumes of odour- 
less kerosene is the cheapest form for in sUu use as an insecticide. 
A 5 per cent, solution of pontachlorophenol in white spirit should 
be used when creeping of the oil or staining must be avoided. 

(4) Volatile substances, fumigants, and sterilization. 
— Other chemicals have an important place m prolonging the life 
of wood. These are substances that volatilize at ordinary tem- 
peratures, or that can easily be converted to a gaseous state. They 
are more strictly fumigants, rather than wood preservatives, since 
they are not retained in the wood, and, therefore, confer no 
• protection against subsequent attack. Moreover, their use is 
essentially restricted to control of insect, not fungal, activity. 
Against active attack, they are effective, but their transitory 
character must be appreciated : they should not be regarded as 
“ wood preservatives 

Kiln treatments most be considered as alternatives to fumiga- 
tion, or to the use of volatile chemicals. Where kiln facilities 
exist, and the timber is such that it will not suffer firom a kiln- 
sterilization treatment, the method is to be recommended because 
of its 100 per cent, efficacy when properly carried out. Moreover, 
kiln sterilization is effective both iigainst fungal activity and 
insect infestation, whereas fumigation deals only with the latter. 
A temperature of 160° F. and 100 per cent, relative humidity, 
held for two hours, would be lethal to fungal infection and insects 
in timber up to 3 hi. in thickness, bat these conditions would be 
too severe for moM manufactured wood-work. Temperatures as 
low as 116° F. and a relative humidiiy of 60 per cent., held fat 
86 hours, have been found efieota.ve4br steriliz^ Lpefus-infeobed 
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timber ; allowing for the lag period in heating up the wood to 
the temperature of the kiln, and a margin for safety, 46 hours 
for 1 in. material, up to 60 hours for 3 in. timber, are suggested 
as maximum periods. It seems probable that a temperature of 
130” F. and 80 per cent, relative humidity, with a total exposure 
period of 2^ hours for 1 in. and up to 7 hours for 3 in. material, 
will prove adequate against any form of insect infestation, but 
this has not yet been conclusively tested. Neither French polish 
nor turpentine varnish finishes are appreciably affected by a 
temperature of 130” F. and a relative humidity of 80 per cent., 
nor is plywood bonded with resin, casein, or blood-albumin glues 
for the periods necessary for sterilization. A table of alternative 
temperatures and relative humidities for the successful steriliza- 
tion of Lyctiu-infocted timber is given in Forest Products Research 
Laboratory Leafiet No. 13. 

Next to kiln sterilization, fumigation is the most effective 
means of eliminating active insect attack, whether in the egg, 
larval, or beetle stage. Portable articles are fumigated in special 
chambers ; skilled operators are required to carry out the work 
because of the poisonous nature of the fumigants. The fumigants 
in general commercial use are hydrocyanic acid gas (hydrogen 
cyanide or UCN) and methyl bromide. Hydrogen cyanide is 
obtainable as a liquid, which has to be volatilized by suitable 
means, or the gas may be produced as a result of chemical reaction, 
inside the fumigating chamber. Fumigation is essentially a task 
for the expert, since so many factors are involved : in the gaseous 
state the substances may be harmless to polished surfaces and 
fabrics, whereas in the liquid state they may do considerable 
damage. Fumigation with hydrogen cyanide in the United 
Kingdom is governed by the Hydrogen Cyanide (Fumigation of 
Buildings) Regulations, 1938. 

The application of toxic chemicals that volatilize readily at 
ordinary atmospheric temperatures provide yet another method 
for combating active insect infestation. Chemicals such as 
orthodichloiobenzene belong to this group. The efficacy of these 
ehemioals depends on the poisonous fumes reaching the insects 
in sufficient concentration to be lethal. It is usually necessary 
to time the application appropriately, i.e., when the larvae are 
feeding or the adults are about to emerge. Further, it is advisable 
not to depend on a single treatment, but to repeat the applioatkm 
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at tile first s^^ of rmesred activity. The difficulty of ensuring 
penetration of tiie ihmes has to be overcome : a fountain-peii 
filler, small oil-can, or even a hypodermic syringe, to inject the 
liquid into fiight holes or galleries, will ensure better penetration 
tiian surface applications. In addition, however, copious surface 
dressings should be applied to infected areas, and particularly in 
cracks, crevices, and joints. Many readily volatile substances are 
not suitable for use in inhabited rooms, because their fumes, if not 
actually poisonous to man, may induce siokness. Spirit-soluble 
preparations must, of course, be kept away from fiames. 


THE TOXICITY, PENETRATION, AND PERFORM- 
ANCE OF WOOD PRESERVATIVES 

There are, as yet, no British standards relating to wood 
preservatives other than B.S. 144 for creosote, but in B.S. 1282 
Classification of loood preservatives, issued in 1045, it is stated 
that it has been decided to start work on similar specifications 
for other types of wood preservatives and that it is hoped that 
these specifications will be available shortly. The following ore 
given as the all-important factors determining the efficiency for 
wood preservative ; 

1. Toxicity or killing power towards wood-destroying fungi 
or insects or both. 

2. Penetrating power. 

3. Performance, >.e., resistance to leaching, evaporation, mid 
chemical decomposition. 

Laboratory tests are available for measuring toxicity, but satis- 
factory means for measuring penetrating power and performance 
are difficult to devise. Penetration is particularly difficult to 
determine with preservatives of the tar-oil group : even on a 
fieshly-out surface the oil spreads so rapidly that it is difficult 
to differentiate penetration from surface-spreading fixim excess 
preservative in the cell cavities on the periphery of the cut 
section. Exposure tests, nsii^ the same species of timber, and 
as nearly matched material as possible, for a series of tests, 
]»ovide a yord-sticdr for measuring the relative merits of different 
preservatives. Unfortunately, it is difficult to standardize the 
tests completely, and when all reasonable steps have been taken, 
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Ctovernnient laboratories may not be in a position to pnbllsh the 
results of tests on proprietary produots. In the rinnunstanoes, 
strict comparison is impracticable, and selection of a jneservative 
must depend on assessing each particular inoblem uid deciding 
what are the most important conditions to be satisfied. 

THE APPLICATION OF PRESERVATIVES 

Having decided on the preservative, the problem of getting 
it into the wood remains to be settled. The three principal 
methods are (1) brush coating, (2) dipjdng, uid <3) pressure 
treatments. But just getting some definite quantity of a pre- 
servative into a timber is no guarantee that the treatment will 
prove satisfactory ; depth and uniformity of penetration are of 
the utmost importance. Uniformity of penetration is dependent 
largely on the anatomical structure of wood : sapwood absorbs 
preservatives more readily than heartwood, the early wood of soft- 
woods better than the late wood, and timber of some species more 
readily than that of others — e.g., Scots pine (European ipdwood) 
is much easier to impregnate than Douglas fir, apitong than lauan. 
The path of penetration of preservatives in hardwoods appears 
to be different from that in softwoods : in the latter there is 
appreciable movement through the pits in the cell walls, but in 
the former movement appears to be largely through the vessels ' 
and, in consequence, penetration is very much heavier in hard- 
woods along than across the grain. Depth of penetration is mainly 
important when checks are likely to develop after tieatment, 
otherwise in theory the thinnest complete covering is all that is 
necessary. Wood below a treated skin is very liable to be exposed 
sooner or later and, when treated green, checks develop and 
expose wood below the depth of penetratimi to fungal and insect 
attack. 

Certain general j^ciples should be observed whatever the 
nature of the preservative or method of treatment. For example, 
because of its better absorptive powers, sapwood should be 
retained, and in larger-sized timbers those with a complete outer 
layer of sapwood should be selected for treatment in preference 
to those with one or more heartwood fimes. Better penetration 
is obtained with hot than with cold methods of application, and, 
except with obemicals that decompose on beating, prc ao rv atl Tes 
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ahoold be applied hot xH^never practicable. Air-diy timber 
aberarbe preeervatiTee better tiian green wood, bo that timber 
Bhonld be seasoned before treatment; this also ensares that 
checking will occur before and not after treatment, and the 
checks themselves facilitate impregnation. All trimming and 
boring of timber must be done before the wood is treated, or, 
when this is impossible to arrange, surfaces subsequently exposed 
should be given a heavy dressing of the preswvative ; even with 
such precautions fungi and insects will usually launch their attacks 
through these weak places. 

Brush coating. — ^Brush coating is the simplest method of 
applying a preservative, but it is the least efficient. If, however, 
two or more coats are given, and the treatment is repeated every 
two or three years, some measure of protection is obtained, 
particularly with interior wood-work that is not exposed to 
mechaniced wear. The method should, however, only be used 
when alternative treatments are impracticable, or temporary pro- 
tection or a short service life alone is required. Wherever 
practicable, preservatives with good penetrative qualities should 
be selected. 

Spraying and dipping. — Spraying is usually not so effective 
(U brush coating, but dipping is appreciably more effective, 
because the wood is in contact with an excess of preservative 
■for the duration of the dipping process. If the length of the 
immersion period is sufficiently long, and the absorptive powers 
of the wood are good, a considerable quantity of preservative 
may be taken up in the dipping process, puticularly if the pre- 
servative is one that can be heated and the bath or dipping tank 
ia filled with hot liquid. When the preservative is applied by 
spraying there is a risk that the surfaces treated ue not thoroughly 
wetted by the preservative, which may bo held by surface tention 
on rough surfaces or particles of dirt or dust. 

Open tank. — A special form of dipping, in effect a modified 
pressure treatment, known as the open-tank method, is much more 
effective than brush coating or dipping. Except that it is mote 
wasteful of the preservative than certain pressure treatments, the 
open-tank method gives results comparable with those obtained 
with pressure processes, provided the timber treated possesses 
good absorptive properties. The method requires a bath ac teak 
with some form of heating apparatus, in which the timber to be 
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treated can be completely immersed (Plate 61, fig. 1). The 
timber is submerged in the cold preservative, which is then 
gradually heated to a temperature of 160” to 200” P., which is 
held for | hour to 4 hours, after which the preservative is allowed 
£o cool, with the timber still immersed. The peak temperature, 
and the period that temperature is held, are varied according to 
the type of preservative and the absorptive powers of the timber. 
Heating causes the air in the cells of the wood to expand, some 
being expelled, and, as cooling bogin^ the air left in the cells 
contracts, and the external air pressure forces in the preservative 
to take the place of the air lost. Variation in tlie length of time 
the peak treatment-temperature is held, and the peak temperature 
itself, provide moans of governing the degree of heaviness of the 
treatment and, consequently, the quantity of preservative absorbed 
by the wood. 

The simplest form of oiien tank is a container that can be 
heated by external firing, but, because of the risk of the pre- 
servative catching fire, steam-heated coils inside the tank are 
much to be preferred. Various refinements, such as mechanical 
loading devices and separate cooling tanks, are sometimes intro- 
duced, but these are not essential. The method is to be recom- 
mended only where the quantity of timber to be treated annually 
is insufficient to justify the capital outlay on the mure e 3 q[>ensive, 
but more efficient, plant necessary fur pressure processes. 

Pressure processes. — ^The most effective method of treating 
timber is the use of a pressure process for forcing the preservative 
into wood. With such processes penetration is obtained to a 
considerably greater depth than is possible by any other method. 
An open-tank treatment is in a sense a pressure process, but the 
effective pressure employed is of necessity less than one atmo- 
sphere. By using closed retorts, on the other hand, high tem- 
peratures, and pressures of several atmospheres, eon be attained, 
the only practical limitations being the risk of mechanical damage 
to the timber. Temperatures in excess of 200” F., or pressures 
greater than 200 lb. per square inoh, ore rarely used because of 
the adverse effect of such temperatures and pressures on woody 
tissue. 

A pressure plant consists of a retort fitted with a doot that 
can be hermetically sealed, a supply of steam for raising tempera- 
tures, and hydraulic pressure pumps for controUing the pressure 
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inside the retort ; in commercial^size plants loading is done on 
trucks outside the retorts (Plate 61, fig. 2). 

The oldest pressure process, introduced in 1838, is the Bethd 
process, which is still in use today. In this process the retort is 
first loaded with timber and then hot preservative is run in and 
a pressure gradually built up ; when it is estimated that an excess 
of preservative has been injected into the timber the pressure is 
released and the surplus liquid is drawn off. A common modifica- 
tion of the Bethel process is the aiiplication of a vacuum to the 
timber before running in the preservative. This, it is claimed, by 
drawing the moisture from the cell cavities, fa'cilitates the subse- 
quent entry of the preservative into the wood ; technical opinion 
does not support this claim, however, holding that the vacuum 
period generally used in commercial practice is too short to affect 
the issue. The vacuum, however, servos two purposes : by in- 
creasing the e*ffective pressure to which the timber is subjected, 
there is an increase in the pressure available for forcing the pre- 
servative into the wood, and, by establishing a vacuum in the 
retort, filling is facilitated, particularly if the storage tank is at a 
lower level than the treating cylinder. 

The Bethel process and its modifications are known as full- 
cell processes ; that is, if completely successful, not only is the 
preservative injected into the cell walls, but the cell cavities also 
' are filled. Except with readily leachable subbtanccs, and timbers 
of low absorptive powers, an excess of preservative occupying 
the cell cavities is wasteful. To overcome this objection so-called 
empty-cell processes have been d< vised. One of these is the 
Bueping process, which involves the use of an initial air pressure, 
built up in the treating cylinder before the hot preservative is 
run in. This pressure compresses the air in the cell cavities of 
the timber. The hot preservative is then introduced and a still 
liigher pressure is built up within the retort until an excess 
absorption of preservative is secured. The pressure is then 
reduc^ to atmospheric pressure, so that the air compressed in 
the cell cavities of the wood expands and ejects the surplus 
preservative. In this way a relatively deep impregnation is 
secured, with a smaller net absorption of preservative, compared 
with full-cell treatments. A modification of the Rueping process, 
known as the Lowry process, employs an initial, atmospheric-air 
pressure and a vacuum at the en^ of the run to extract surplus 

8 
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jNCMervstive ; the amount extracted is comparatively email 
compared vrith that expelled at the end of the Bueping 
process. 

, In another pressure treatment, the Boulton process, an initial 
vacuum is applied to the timber while it is submerged in the 
heated preservative. This reduces the boiling point of the water 
contained in the wood, enabling it to evaporate at a temperatiue 
below 212° F. In this way considerable drying of the timber 
during the treatment can be effected at comparatively low 
temperatures, and without exposing the wood to the risk of serious 
d^rade. 

Incising. — ^Tbe relative ease with which different timbers 
absorb preservatives varies appreciably ; beech and European 
redwood sapwood can be completely impregnated under pressure 
in 1 to 3 hours, but a similar treatment of Douglas fir, larch, or 
oak heartwood, would not effect complete impregnation in several 
days. Moreover, a more severe treatment of recalcitrant timbers, 
using higher temperatures and pressures, does not overcome the 
difficulty, but merely secures increased absolution patches. 
Various attempts have been made to solve the problem of treat- 
ing such refractory timbers and, of those, an operation known as 
incising has proved the most successful. The process consists in 
making incisions parallel to the fibres to the depth of penetration 
required, and spaced suificiontly close together that the lateral 
spread of the preservative will ensure uuiform and complete 
penetration to the depth of the incisions. By this means an 
increased absorption of 30 to 60 per cent, has been obtained with 
Douglas fir sleepers. 

Other methods of treatment. — ^The foregoing pages have 
outlined the more important methods of applying wood pre- 
servatives that are in general use, but one or two other methods 
ore of interest. In the Boucherie process use is made of hydro- 
static pressures : a water-soluble preservative is supplied firom 
a raised tank, through a pipe, to the base of a log or baulk of 
timber fixed in a horizontal position ; the hydrostatic head forces 
the liquid through the timber, the treatment being completed 
when the preservative appears at the top end of the log. The 
Bouchmie process, with copp^ sulphate solution as the pre- 
seirvative, is used regularly in France for the tieatmmit ci tele* 
graph poles and railway sleepers. 
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The impregnation of fence posts and telegraph poles tfi sila 
by difFnsion has been tried in Germany. The pieservatiye is 
injected, in paste form, at several points and spreads by diffusion 
through the wood : good penetration has been secured by tl^s 
means with wet timber. The same principle is involved in the 
attempts to introduce preservatives into timber before the tree is 
felled, but the method is still in an experimental stage. 

The impregnation of non-durable timbers with the alcohol 
extractives (infiltrates) of durable woods has not met with success, 
although it is known that these substances are responsible for 
rendering certain timbers naturally durable The reason for this 
is, no doubt, that the infiltrates or extractives are more intimately 
associated with the cell-wall structure than can be reproduced 
by artificial impregnation. 

Charring is a well-known method for protecting timber in 
contact with ‘the ground. No experimental data have been 
collected to determine the efficacy of the method, but it is un- 
likely that charring would greatly prolong the life of timber. 
Charring destroys the accumulated food supplies stored in the 
parenchymatous tissue of the outer layers of a piece of wood, 
thereby rendering the charred timber less attrcsctive to insects 
and fungi. Charring may possibly be justified for small round 
poles used as temporary fencing, when the cost of a proper 
preservative treatment cannot be entertained, but it cannot be 
ranked at all high among ^ he \ arious chemical methods of wood 
preservation. 

ECONOMIC ASPECTS OF WOOD PRESERVATION 

Much money is wasted annually through the indiscriminate 
use of wood preservatives, especially m tropical countries. This 
waste occurs chiefiy through unnecessary application of brush 
coatings, but inadequate application^^ may also bo wasteful. As 
a general rule, brush coatings are only justified in circumstances 
where repeated applications at regular intervals are practicable. 
Single coatings of inaccessible timbers are either unnecessaiy, or 
inadequate. This applies particularly to roof timbers : if oon- 
ditions are so bad that such timbers require protection, a sins^ 
brush coating will be insufficient. In practice, roof timbers, 
except for tile or shingle battens in really damp climates, do 
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not require any treatment. Battens in damp looalities, on the 
other hand, unless of a naturally durable spedes, should be 
pressure treated, or at least given a moderately heavy open- 
tqpk treatment. Too frequent recourse to wood preservatives 
encourages the use of poor quality timber, and even the deliberate 
substitution of an inferior species to that specified, and for this 
reason wood preservation by chemical means should only be 
adopted in circumstances where it can be fully justified. 

The economic aspects of wood prese^ation are more usually 
confined to weighing the advantages of using a lower-priced, non- 
durable timber, adequately treated with wood preservatives, 
against the more expensive timber possessing appreciable natural 
resistance to fungal and insect attack. In this sense the economic 
value of a preservative treatment becomes a matter of simple 
calculation : cost of maintenance and the annual charge on the 
material treated compared with the same figures for untreated 
material. The annual charge may be arrived at from the following 


formula : 


A-P 


f(l+r)" 

(l+r)"-r 


Where A is the annual charge, 

P is the cost of material plus erection, 
f is the rate of interest, expressed in decimals, e.g., 6 per 
cent. » 0*05, and 

n is the anticipated serviceable life. 


Values for n should be based, wherever possible, on figures 
obtained from service tests. 

Other factors that require consideration are the estimated life 
of a building before it may be presumed to become obsolete, or 
no longer suitable for the purpose for which it was erected, the 
salvage value of wood used in a building, and the saving that can 
be effected through using larger quantities of sapwood. There 
are undoubtedly many oases where only a short life is requited, 
and in these droumstanoes it is wasteful to build a structure that 
will outlast, by many years, that required life. 

The value of chemical treatments to enhance other properties 
than resistanoe to decay has already been discussed in connection 
with the hygroeoopio properties of wood, vide pages 101 and 196. 
Smilacly, improvement of meobanical properties by impregnation 
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with synthetic resins wonld appear to have oommeroial possibilities 
in special drcumstanoes, vide page 101. 

The appreciable salvage secured from dismantling wooden 
buildings is one of the important advantages wood has o^ 
alternative building materialB, and increasing the life of wood by 
the use of wood preservatives will enhance its value when the 
time for dismantling arrives. Increased use of sapwood, permiss* 
ible as a result of adoption of adequate prefiervative treatments, 
may also prove economical, compared with the higher cost of 
timber free from sapwood. 

For timber used in salt water it is known that very heavy 
absorptions are required to secure even moderate extensions of 
serviceable life, and in such cases the use of chemical wood pre- 
servatives is rarely economical, compared with sheathing of wood 
with thin metal sheets. For piles in salt water, absorptions up to 
16 lb. per cu. ft have been used to secure a serviceable life of weU 
under ten years. In such circumstanc'es it would undoubtedly 
have been more economical to use compai-atively light treatments, 
and to sheath the piles with Muntz metal. The object of the light 
treatment is to secure some resistance should the sheathing become 
damaged in the interval between regular inspections, which should 
be made three or four times each year. Evidence from Malaya is 
to the effect that such sheathed piles have a very long life, although 
the timber has only moierate resistance to marine borers : 
sheathed merbau pdes were still perfectly sound after 27 years’ 
service. Unprotected greenbeart v »uld certainly not have lasted 
nearly so long in the particular circumstances. 

Another aspect of the economics of wood preservation, outside 
the control of the individual user, is of the utmost importance to 
him. If the use of wood preservatives permits of the utilization 
of many species that would otherwise be valueless, exploitation of 
the forests as a whole will be less coutiy. Further, the availability 
of adequate timber supplies will tend to keep prices of the most 
favoured species at a steadier level. Both these factors apply 
particularly in the tropics, where the number of species in any 
unit area of finest is large, and the number commercially exploit- 
able without the use of wood preservatives is very small. 
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THE ERADICATION OF FUNGAL 
AND INSECT ATTACK 

Timber used as railway sleepers, fence posts, power-line 
poles, and the like is inevitably exposed to conditions favouring 
attack throughout its service life. By contrast, certain conditions 
of service ensure that timber never becomes attacked : piling 
timbers in deep water or timber in the abnormally dry atmosphere 
of the Egyptian tombs will remain free from attack indefinitely. 
Much more timber is used in circumstances between these extremes 
of certain attack and complete immunity, giving rise to the need 
for prophylactic measures or problems of eradication. 

Timbei's predisposed to attack by sap-stain fungi, ^‘4>in-hole ” 
borers, or “ powder-post ” beetles are very liable to suffer deteri- 
oration unless appropriate precautions or prophylactic measures 
are taken. The sapwood of those timbers susceptible to mould ” 
fungi are liable to become stained unless logs are converted immedi- 
ately after felling, and the converted material is then dried so 
rapidly that the fungal “ spores ” are not given the opportunity to 
germinate. It is often not possible to arrange for sufficiently rapid 
drying, in which case the use of chemical dips provides a practi- 
cable solution. The sodium salts of certain chlorinated phenols are 
particularly effective against both the blue-stain fungi and other 
motilds. Examples of highly successful proprietary products 
using this group of chemicals are Dowicide P,^ and Santobrite.^ 
Certain organic mercurial salts have been found very effective in 
controUing blue-stain, but less so against green moulds : Lignasan ^ 
contains ethyl mercuric chloride as the toxic agent. Two per 
cent, solutions of borax have also given good protection against 
blue-stain fungi. These chemicals, used in a dipping bath or trough 
through which the timber passes as it comes off the saw, provide 

^ Manufactured by Chamioal Treatmenta Co., 1604 Per Marquette, New 
Orleana, liouiaiana. 

* Manufactured by Monsanto Ghemioals Ltd., Victoria Street, London, 8.W.I. 

• MarJteted by E. I. du Pont da Nemoura A Co., Wilmiagton, Delaware. 

ass 
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ft {OftotioablB solution of the bluoHrtain problem. The period 
immersion is brief : 20 seconds is nsoaUy quite sufficient. After 
dipping, the timber must be given ft chance to drain before it is 
piled in a stack. With some of the tropical timbers, where blpe* 
stain infection is not confined to the sapwood, prevention of stain 
in planks 3 in. in thickness and upwards has often not been 
secured by chemical dips alone. Great care has to be taken to 
drain the planks before piling, often necessitating exposure to 
the sun, with ftequent turning to obviate surface checking. 
Besides the handling cost involved, the yard space is rapidly 
taxed to capacity with planks draining and drying preparatory 
to piling. The most satisfactory procedure with such timbers is 
kiln drying, but those facilities are often not available, when the 
alternative is to cut as thin timber as possible : 1 in. or in. 
boards can usually be air-dried, after dipping, without staining. 

“ Pin-hole ” borers present a somewhat similar problem to 
that of sap-stain fungi, in that attack is dependent on the existence 
of Mifficient moisture in the wood to support the growth of the 
ambrosia fungus on which the pin-hole borer larvae feed. Some 
species attack standing trees, so that the damage is done before 
the trees are felled, and no methods have as yet been devised for 
dealing with infestation in this stage. Much infestation, however, 
undoubtedly occurs after felling, while logs ore lying in the forest 
or at the mill awaiting conversion. Extraction immediatdy after 
felling, followed by immetJate conversion at the mill, and proper 
piling to ensure rapid drying of the converted timber, would 
unquestionably minimize the widespread damage done by pin-hole 
borers. The rapidity with which these borers attack the logs of 
some species, coupled with the difficulties of organizing extraction 
and conversion, makes dependence on rapid extraction and 
conversion to avoid infestation uncertain, and chemical sprays 
have been used with some success. Disappointing results were 
obtained with chemicals that have proved effective against sap- 
stain fungi, and creosote and certain proprietary tar-oil preserva- 
tives proved a positive attraction to some ambrosia beetles. 
The gamma isomer of benzine hexachloride, available as a 
powder miscible with water or as a dispersion in oil, on the 
othw hand, has given encouraging resalts. The water-nusdble 
powder appears to give suiprisingly good protection at con- 
siderably lower gamma isomer concentrations than the oil dis- 
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peraions, but it is easily washed off by rain ; ^ it baa the advantage 
of being much less expensive than the oil dispernons. Although 
chemical prophylactic measures are still very much in the experi- 
mental stage, there is little doubt that effective treatments against 
much pin-hole borer infestation can be devised. It is, however, 
doubtful whether the general use of chemicals will prove practi- 
cable : where it is essential to apply the treatments in the forest, 
the difficulties of organizing supplies of the preservative, and the 
supervision of their application, may prove unsurmountable. 
Where a short delay between felling and the prophylactic treatment 
is unimportant, it should be possible to organize the application 
of an effective short-term treatment at log-collecting depots — 
these are matters that remain to be investigated thoroughly. 
From somewhat tentative investigations, it vrould seem that some 
timbers are attacked by some species of pin-hole borers within a 
matter of a few hours of felling, whereas, with other timbers and 
other borers, a few days may elapse before extensive attack occiurs. 

The countering of “ powder-post ” beetle attack presents a 
problem intermediate in complexity between eliminatiMi of sap- 
stain fungal infection and “ pin-hole ” borer attack on the one 
hand, and eradication of fungal or insect attack in timber in 
service. Attack does not noi;inaIly occur in the log, but Bostrychid 
beetles will attack timber very soon after conversion, and Lyctua 
as the timber becomes drier. Good yard hygiene, on the lines dis- 
cussed on page 228, can play a very important part in minimizing 
the depredations of this pest, but, until good practice is general 
throughout the country, resort to chemical dips or spraying is 
often advisable. Successful 10-second dips are 5 jier cent, borax 
at a temperature of 180” F., and 1 or 2 per cent, aqueous solutions 
of “ sulfucide ” (sodium pentasulpbide in liquid form) at 190” F. 
Solvent-type preservatives have also been tried on seasoned 
timber: a 3 per cent, solution of pentachlorophenol, in a light fuel 
oU of the kerosene range, and an immersion period of 3 minutes, 
has given good results. In this country, the available evidence 
pum's to the n mhI for purely transitory protection against Lyctus 
(a, till from eiadication of outbreaks when these occur) : were 
jouiery, furniture, etc., delivered free from infestation, the likeli- 
hood of attack occurring in service would be remote. This, of 
oourse, presupposes that manufactured articles will not be stored 
^ Browns, F. G.« Th» Malayan Faruhat^ No* 4, 104ft. 



OH. XV 


ERADICATION OF FUNGAL ATTACK 


M6 

in already oontaminated premises. In effect, precautions are 
especially necessary while timbmr is in stick for drying, or awaiting 
manufacture. For these circumstances, it has been found that a 
2 per cent, emulsion of D.D.T. in water, applied by spraying to 
piled timber, is effective ; complete coverage of the sapwuod 
must be secured. The spray is prepared from miscible oil con- 
centrates in solvent naphtha or xylene containing some specified 
amount of D.D.T. diluted with water to the D.D.T. concentration 
required. No penetration of the timber is aimed at, or secured, 
with this spray, so that when timber is worked or re-sawn it 
will require spraying anew if it is likely to be exposed to infestation 
before being made op. 

The question is often posed as to whether decay and *' wood- 
worm ” infestation in buildings is more prevalent today than 
formerly, and the answer is undoubtedly in the affirmative. The 
increased incidence of “ decay ” is attributable to rather different 
causes from those responsible for more widespread depredations 
of insect pests. Ponuerly, many outbreaks of fungal infection 
could bo directly related to constructional defects, although many 
buildings that fell short of good standards of construction managed 
to escape attack. The war years and economic factors have 
mateiially changed the position. Delays in making good war 
damage, and the large quantities of water used in jmtting out 
fires, have caused weU-constructed buildings to become the victims 
of widespread fungal attav..>. ; m buildings that fall short of good 
construction, the consequences were naturally the more seiiuus 
and inevitable. Further, normal *naintcnance was in abeyance 
for six or seven years, and propert’os were often uninhabited for 
long periods, so that any small defects that developed tended to 
assume considerable importance. Fuel rationing, the shortage of 
domestic staff, and financial stringencies — factors likely to 
persist — have operated similarly, especially in larger houses : 
with only some accommodation in regular use, the woodwork of 
unheated and unventilated rooms will pick up moisture wherever 
defects in construction exist, ultimately creating conditions 
favourable to iungal growth. That the whole of such accommoda- 
tion was formerly used, well heated and adequately ventilated, 
enabled boider-iine oases of bad construction to escape penalties. 

Availability of moisture is, in praotioe, tiie factor that governs 
liability to fungal infection, although different fungi vary in regard 
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to their ** total” moisture requirements. With insect pests> 
favourable factors are more varied : the death-'Watcdi beetle, the 
wood-boring weevil, and the wharf borer thrive only on timber 
thjit has first been attacked by fungi, although the death-watch 
bMtle will iq>read to sound wood. The common furniture beetle is 
less exacting, but shows a preference for sapwood. The Lyclua, 
or powder-post beetle, is the most exacting of all, confining itself 
to the sapwood of certain hardwoods, and then only if adequate 
supplies of starch are present and the timber is sufficiently seasoned. 

ERADICATION OF FUNGAL DECAY 

Recommendations for dealing with “ dry rot ” are to be found 
in the Bible (Leviticus xiv. 34-48). The fungal origin of the 
“ plague ” or “ leprosy ” was not known until centuries later, but 
the passage is of interest in that it brings out two important 
points : the need for establishing that attack is still active, and 
the need for drastic remedial measures — rather too drastic in 
the light of modem knowledge. The fungus would mot have 
been MeruJiiis lacrymans as the temperatures in Palestine are 
too high for this species. The Old Testament writer over- 
looked an all-important point : namely, the importance of 
tracing the source of moisture that gave rise to fungal infection 
in the first place. By comparison, it is less important to identify 
the spedes of fungus, although it is, of course, essential to determine 
whether MertUius lacrymans is involved, since this fungus caUs 
for altogether more drastic remedial measures than any other. 

The three most common faults, when dealing with outbreaks 
of fungal attack, aro to do too little ” site ” investigation, to do 
too extensive replacements, and to ignore the fundamental cause, 
namely a supply of moisture. It is essential to determine the 
full extent of infection, but knowing what to look for, and where 
to look for it, will minimize the amount of opening up to be done. 
Time spent on the careful examination of the exterior of a build- 
ing is usually well repaid. The more obvious points in regard to 
dismp-proof courses, and levels of flower-beds and paths, are 
genmally understood. I%e importance of an adequate number 
of air bricks is also fully appreciated, although it is sometimes 
overlooked that their number may be adequate and yet the air 
bricks are inefiective : they may he obsem^ by a plate or joists 
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OB the insUto. Uaay air hricka have, at beat, only 60 per cent, 
of yokb, 83x4 a floor joiat or {date can zednoe this 60 per cent, to 
almost nothing. Water from above — from defective gutten, 
rainwater heads, or down pipes — can cause as widespread de* 
vastation as indifferent ventilation below the ground floor. Hence, 
the condition of the rainwater disposal arrangements, and their 
efficacy, warrant dose examination : staining of external walla, 
the growdi of algae, and the condition of pointing — or evidence 
that such matters have recently received attention — will often 
indicate where the search for fungal infection should be directed 
inside the building. Parapet gutters, “ intemd ” valley gutters, 
and lead or asphalt “ flats ” are other fruitful sources of trouble, 
and any defects in these features, or signs of past patching, call 
for particular attention being given to the condition of timber 
beneath such^ weak spots. Past history can be most relevant : 
flooding firom burst pipes, when the property is unoccupied, or 
water used in puttmg out fires, can cause the most extensive dry- 
rot. Aieas of new slates or tiles should arouse suspicion. Armed 
with dues on the lines discubscd above, tracing of infection is 
simplified. Corrugations m skirtings and panellmg are obvious 
defects to look for, but even bowing of sudi timbei's, if on the 
opposite side of a wall where “ defects ” exist outside, should not 
be given the benefit of any doubt : removal of such timber often 
reveals surprisingly extensive, “ unsuspected ” decay. 

Having located infcctioi., and its extent, it is essential to deter- 
mine where the wood obtained a supply of moisture suffident to 
render it fit to support fungal groivth. Very often an outbreak 
has more than one “ focal ” pomt, which means more than one 
source of moisture, and it is all-important that this should be 
detected. Moisture will not travel upwards nearly so far as it will 
travel downwards : infection in basement or ground-floor rooms 
wiU be sustained by a different source of moisture from infection 
in the same premises but on the firi.^ nr higher floors. 

Until the source of moisture is traced, the appropriate remedial 
measures cannot be laid down. For example, moisture oridng 
from oonstraotional defects can only be eliminated if these defects 
are omrrected, or, when this is impracticable or too costly, by 
recognizing that no timber should be used in repairs that will not 
be isolated firom the source of moisture by a water-impervious 
barrier. 
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The badly ventilated basement floor, ivitb no site ocmorete 
and no damp-proof courses in the walls, presents just the problem 
envisaged. However thoroughly the wood is stripped out and 
replaced by new, fungal infection will reappear unless moisture 
can be excluded from the underfloor space, and good ventilation be 
provided ; heat sterilization of the surrounding surfaces is purdy 
transitory, and the liberal use of wood preservatives will, at best, 
defmr the date of reinfection. In practice, it will generally prove 
too costly to remedy major construttional defects, and the 
solution will lie in using inorganic materials in repairs. Affected 
basement floors should be replaced with solid floors, with wood 
blocks, laid in a bituminous mastic, as the finished surface. 

When the floor area is large, as in a gymnasium or concert 
hall, decay has been known to occur, in spite of the existence of 
damp-proof courses in all walls, and provision of the normal 
number of air bricks. For example, 1 J sq. in. of air bricks per foot 
run of wall docs not ensure a constant area of air bricks per unit 
volume of underfloor air space — the ratio falls as the area 
enclosed by tlie external walls increaseb.^ In a building 30 ft by 
16 ft, with sq. in. of air brick per foot run of wall, and 1 ft 
between site concrete and the under surface of the floor boards, 
135 sq. in. of air bricks are dealing with 450 cu. ft. of air, whereas 
for a building 150 ft by 30 f£, and the same ratio of air bricks per 
unit length of wall, 540 sq. in. of air bricks would have to deal with ' 
4600 cu. ft of air. In effect, it is sometimes impos&ible to ventilate 
the underfloor space of large areas adequately, and moisture must 
be excluded by providing a waterproof barrier in the site concrete. 

Decay resulting from what can be regarded as temporary 
sources of moisture presents an entirely different problem from 
that arising from what may be called chronic dampness, and the 
appropriate remedial measures should be dependent on the identity 
of the fungus. Defective rainwater disposal arrangements, the 
raising of flower-beds above damp-proof courses, the blocking of 
air bricks, and the temporary flooding of normally dry sites (as in 
combating a fire) are the chain of circumstances most likely to 
establish conditions frtvourable to “ dry rot ” infection, and, in par- 
ticular, to Menditu tacrymana. Persistent plumbing leaks, defeet- 
ive flashings, and recurring condensation, on the other hand, are 

1 I indebted to Dr. W. P. K. Findlay §ot drawing my attention to tliis 
point. 
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more likely to make timber too wet for MeruKua, and one of tibe 
ao-called “ wet rota *’ is more likely to develop. Cure of the cause 
of dampness in the examples enumerated presents no great diffi> 
culty,and sneh action alone will, in many cases, arrest farther deca^. 
It is, of course, necessary to out back affected wood to sound 
material, and to use well-seasoned timber in rejiairs ; if there is a 
risk of dampness recurring from neglect of maintenance in the 
future, the use of pressure-treated timber in repairs should be oon> 
sidered. Timber that has been exposed to attack, and is only very 
slightly decayed, ran be rendered safe by a brief kiln-sterilizing 
treatment; application of preservatives to such wood is unlikely to 
kill all traces of fungus. When panelling or valuable flooring has 
become sufficiently damp to support fungal growth, it is usually 
advisable to dismantle such timber and to dry it, otherwise splits 
may develop as the timber dries t» situ, or, with floors, compression 
set may have\>een induced (see page 94). 

Where Mervlius Uurymans, the common “ dry rot ” fungus, 
is the catisal agent, more drastic measures than those outlined 
above are likely to be essential. This fungus penetrates masonry 
and brickwork, where it can remain dormant for long periods, 
if its minimum moisture needs can be satisfied. In practice, walls 
that have become saturated are likely to retain sufficient moisture 
to sustain Merviius for some years after the original source of water 
has been out off, which explains the recurring attacks so frequently 
experienced after an outbrt >k of Mervlius laeri/mans infestation : 
as soon as the new timber has had time to absorb sufficient 
moisture from the wall to raise its moisture content to about 
20 per cent., conditions are ripe fo.. the fungus to resume active 
growth on the new timber provided. The common precautionary 
measure of heat sterilization of walls with a blow-lamp is totally 
inadequate : raising the temperature of one face of a 4^ in. 
brick wall to 900° C., and holding that temperature for four 
hours, will only raise the temperd^nre of the opposite face to 
about 60° C. The surface application of chemicals is milikely to 
be any more effective, and elaborate irrigating of walls is costly 
in labour, and in the large quantities of chemicals absorbed, 
besides bdng somewhat uncertain. The scientists of the Forest 
Products Research Laboratory, Princes Bisborough, in oo]labc«»- 
tk>n with those at the Buildi^ Research Station, Watford, have 
evolved a toxic plaster and paint that promises to provide a 



270 FACTORS INFLUBNCIRO UTILIZATION pt. vr 

measnie of seonrity at reasonable cost.* No attonpt is made to 
destroy deep-seated fungus in ilie affected wall ; instead, a non- 
crazing barrier is erected, which the fungus will not cross. The 
basis of this method is zinc oxide, gauged with a solution of rino 
cfilonde. The other ingredients of the plaster are sand and 
whiting, and of the “ paint ” talc and whiting. Boric add and 
ammonium chloride are added to the zinc-chloride solution to act 
as retarders. The sohd ingredients of the plaster are gauged with 
the solution, and applied to the wall iii the same manner as any 
other plaster , any gypsum plaster must first be removed. The 
surface to be treated may require to be hacked to provide a key. 
Surfaces so rendered can be decorated when dry in the normal 
way, or, if an adequate key is provided, a setting coat of a calcium 
sulphate plaster ran bo apphed. The mgredients are relatively 
expensive, but only a thin coat is required Where it is necessary 
to build timbers mto affected walls, the wall holds should be 
rendered with the plaster. The paint is made up m the same way 
as any cement pamt *, that is, the sohd mgredients are first 

^ The formulae for the plaster, paint, and solution, as recommraded by the 
Government oherniHts, are set out below ImxK>rtant points are the use of an 
appropriate grade of 7in< oxide and diy sand, otherwise the proportions are not 
** critical *’ m the sense that small errors m weighing, such as may occur m 
ordinary practice, are unimportant Rather more solution than is required for 
gauging the plaster or paint is necessary, as surfaces to be treated should be 
wetted with the solution before the plaster or pamt is applic d In gauging 
the plaster, core should be exercised m addmg the solution as the correct con- 
sistency for applymg the plaster is approac hed, because a small amount of flmd 
at that stage has a marked efteot on the consistency of the mix It is important 
to cut out all timber m walls to be plastered or pamted P^xpenence has shown 
that it 18 essential to mix the solids and the solution off the site, because otherwise 
there are never enough clean contamers to hand when required , gauging is, of 
course, done on the site just pnor to use Messrs J W Falkner ft Son, Ltd , of 
24 Ossory Road, London, S L 1, maintain a stock of ready mixed infrredients. 

Parts by 

Oaugmg Solution for Pa%nt and Plaster Wesght 

Fused /me chloride (tec hnical) ... 8 

Bone acid • . • • • 1 

Ammonium chloride • • • • 1 

Water . • ... 20 

Soltd Ingredients 

Pennt Plasta 

Zme oxide (B S 254 Type 1) 2 Zinc oxide (B S 254 Type 1) 1 

Talc 4 25/50 mesh semd • 6 

Whiting .... 6 52/100 mesh sand • • 2 

Whiting • . • • 1 

Approximately 0 parts by weight of mix to 2 parts by 
wei(^t of solution is suggested* 
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mixed, and ganged immediately before nse mth the solution, 
the ratio being 12 parts by \roight of solids to 9 parts by weight 
of tiie solution ; two coats are recommended, with an interval of 
twenty>four hours between each coat. The use of zinc oxichloxide 
paint or plaster does not do away with the need for eliminating 
the source of moisture in future. 

To sum up : control and eradication of fungal infection in 
buildings is first and foremost dependent on tracing and eliminat> 
ing the source of moisture. Subsequent steps depend on whether 
the fungus is Mervliua lacrymana or one or other of the less 
virulent fungi. Toxic chemicals may have a part to play, but 
only in a secondary role. The work of eradication is likely to 
necessitate the assistance of carpenters, biicklaj ers, and plasterers, 
often the plumber and tiler as well, and is, therefore, essentially 
a job for the building ooiitractor, fully aware of (he importance of 
each step. Thoroughness is the keystone of success. 

ERADICATION OF INSECT INFESTATION 

In temperate climates inbect infestation of timber on land 
means beetle attack ; in salt or brackish water, marine borers are 
the destructive agent. Control and eradication of beetle infesta* 
tion are dependent on an understanding of the life cycle of difEerent 
species and their food requirements. The hfe cycle of any species 
is liable to be prolonged i* its preferred food supply is deficient. 
Jn dealing with insect attack it is all-important to determine 
which pest is at work before attempting eradication : drawing-pin 
holes from the blackout days hwve been mistaken for beetle 
infestation. The use of wood preservatives, applied *» situ, will 
often prove the only practicable method for dealing with insect 
infestation, when brushing the timber free from dirt is an essentiid 
preliminary, to secure thorough " wetting ” of the wood. 

If the damage is the work of tl “ pin-hole ” borer (ambrosia 
beetle), no remedial measures are necessary : such *' wormy " 
timber is perfectly safe to use, since the damage wiU not get worse, 
and cannQt infect other wood. These pests ace mainly tropical, 
hence infestation and the full extent of the damage done occur 
befme such timbers ace exported. Control of pin-hole borer 
infestation rests with those exploiting tropical forests, and the 
appropriate measures ace discussed on pages 263 and 264. ** Pin- 
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worm *’ infestation can usually be differentiated from other ibrms 
of insect attack by the galleries running at right angles to the grain; 
the galleries of different species vary from ^ to | in. in diameter. 

Longhorn borers are also mainly forest pests, although one 
s^ies, the house longhorn (Hylotrupes bajulus), attacks converted 
softwoods. With the exception of the last-mentioned species, 
attack is best dealt with in the forest : logs must not be left l 3 ring 
on the ground, and if extraction is likely to be delayed, logs 
should be barked immediately after feeing. The house longhorn 
is a serious pest in parts of Sweden, Denmark, and Germany, and 
has caused damage in the pine country of Surrey. It attacks 
the sapwood of seasoned softwoods (the heartwood is not com- 
pletely immune). Extensive damage is likely to have occurred 
before the first flight holes are detected, because the life cycle is 
relatively long (3 to 11 years), and indications of attack, other than 
fiight holes, are often want lug, or are easily overlooked (e.g. blister- 
like swellings on the surface of infested wood). Attack generally 
originates in the roof timbers and attics, from which it may spread 
to other timbers throughout the building. Remedial measures 
are likely to involve replacing appreciable quantities of timber, 
coupled with ajiplication in situ of wood preservatives. Heat 
sterilization and fumigation are used on the continent in com- 
bating oiitbreaks, but facilities for heat sthrilization are not 
available in this country, and fumigation is impracticable in most ‘ 
houses, particularly in built-up areas. The use of wood preserva- 
tives calls for very thorough applications to ensure that all timber 
surfaces are adequately treated : surface applications seciue only 
very shallow penetration of wood by the fluid used. Inspection, 
for signs of renewed infestation in ensuing years, is advisable. 
Oil-solvent wood preservatives are appropriate : a 6 per cent, 
solution of pentachlorophenol and 0*35 per cent, of gamma B.H.C. 
in a suitable oil or spirit solvent is an economical preservative 
that can be made up in quantity at much less cost than most pro- 
prietary products. Where the pest is prevalent it is wise to use 
only pressure-treated timber in repairs and for all new work ; 
brush-treatments give only short-term protection. 

The death-watch beetle is almost always associated with 
decay, although, once established, the beetle may extend its 
attack to sound wood. Hence, in dealing with death-watch 
beetle infestation, it is imperative to deal with the decay too, 
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since the cause of this will have been responsible for the subse* 
quent, and secondary ”, beetle infestation. It is also important 
to decide whether the beetle infestation is still active : ” It is a 
common feature of damage by the death watch beetle for attack 
to cease before all the available timber has been destroyed, ai^d 
this is no doubt due to absence of the conditions of moisture and 
fungal decay now known to be suitable for attack and which must 
once have been present in the building It is not always easy 
to determine whether attack is continuing, although clear-cut rims 
to the flight holes, from which bright-coloured frass is spilling out, 
indicate the recent emergence of adult beetles. A search of the 
ground beneath attacked timber during the emergence period 
(April to June) is helpful : live beetles will usually be found if 
attack is still active. The presence of large numbers of live, steely 
blue beetles {Corycoriwtes cocrvleua), predatory on the death- 
watch beetle,* also provides evidence of continuing attack. Jf 
investigation shows that attack has ceased, the lavish use of uood 
preservatives is obviously unnecessary. In many cases of con- 
tinuing attack, too, cutting off supxilies of moisture, which will 
bring decay to an end, may be as effective as attempting to 
eliminate the beetle infestation. In dealing with serious devasta- 
tion the first step is to conduct a thorough check for any signs 
of decay, the cause of which must be clinunated ; next, replace- 
ment of all structurally weakened timber ; and, finally, treatment 
in bitu, with an oil-solvent preservative, of timber that has been 
exposed to infestation, to destroy any remaining infestation ; 
surface applications should be supplemented by injecting flight 
holes with a pressure spray. Eradication is likely to necessitate 
“ repeat ” treatments in succeeding years, but these can be con- 
fined to areas of continuing active infestation, provided thorough 
inspections will be made in May each year. 

Two other beetles infest decayed building timbers : the 
common wood-boring weevil, often found in basement floors, and 
the much larger wharf borer. Both these pests are secondary to 
fungal decay, and their control by chemical means (wood pre- 
servatives) should not be attempted. Exclusion of the source 
of moisture, coupled with the cutting out of decayed and infested 
wood, may wett suffice. Damage done by the wood-boring 

^ Leaflet No. 4 : The death tvatch beetle, issued by the Department of Scientific 
and Industrial Research, Forest Products Research Laboratory. 
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weevil ia sometimes mistaken for fninitiixe>beet ]0 akta(& : the 
galleries nm longitudinally, and are of about the same diameter, 
and the frass excreted by the feeding larvae is gritty but finer. 

The common furniture beetle is a pest of sound, seasoned 
timber, but with preference for sapwood. Softwoods appear to 
be ripe for attack after they have been in service for about 
15 years, whereas hardwoods are rarely attached within the first 
20 to 30 years. The larvae excrete a gritty firass, which contains 
elongate pellets. In dealing with outbreaks, it is important to 
determine whether the infestation is still active, because only 
then are remedial measures necessary: inspections should be 
made in the early months of the “ flight ” season, ».e., April to 
June. With experience, fresh infestation can be detected by the 
bright colour of the frass, which appears to be spilling out of the 
flight holes, and the margins of the holes are clear-cut. With age 
the frass becomes discoloured, and the rims of the flight holes 
burred over. Two distinct tasks are involved when dealing with 
active infestation : eradication of existing infestation and pro- 
tective measures against reinfestation. Wherever practicable, 
heat sterilization is the most effective method to employ (see 
pages 251-2 for recommended schedules). Obviously, only 
movable timber can be so treated, e.g., panelling, flooring, 
furniture, and small wooden articles. Sterilization calls for only 
low temperatures, at moderately high humidities, for relatively 
short periods, which should not damage glue joints or polish 
flnishes. The treatment is done in an ordinary timber-drying 
kiln, which must, however, be in charge of a skilled operative. 
Were it possible to ensure that all infested timber in a building 
was sterilized, there would be no need for subsequent protective 
measures. This, however, is rarely practicable, and sterilization 
needs to be supplemented by treating all surfaces with the 
pentaohlorophenol gamma B.H.C. preservative previously men- 
tioned or some other oil-solvent preservative. For application to 
other than structural timbers, the solvent should be white spirit 
or odourless paraffin. A small-soale test should be made before 
applying the preservative to x>oli8hed surfaces. After sterilization, 
there is little point in treating polished surfaces, unless these are 
riddled with flight holes, because eggs are not laid on such sur- 
faces. Before refixing panelling or skirtings, the grounds shouUl 
be examined : they are almost certain to be attacked, and rqdaoe- 
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ment widi |iieBBiiie*1xeated timber (Tanalized or Oeleore treat* 
mento are appropriate) is sound practice. Next to heat sterilization, 
fumigation fa lively to prove the most effectiye control method. 
This work must be done by specialist firms ; methyl bromide is an 
appropriate fumigant. In practice, many outbreaks of fumitufe* 
beetle attack trill have to be dealt with by in aku treatments. 
Timber should be brushed down prior to treatment, or a powerful 
vacuum cleaner can be used ; any heavily infested timber should 
be cut away. The preservative should be applied with a fiat 
brush in two coats, with at least twenty-four hours between each 
coat. Inaccessible timber should be sprayed, using a small pres- 
sure spray. Where infestation is heavy, one or two fiight holes in 
each group should be injected. The preservative should not be 
allowed to run down on to plaster surfaces. In theory, all timber 
that has been exposed to mfestation should be treated, but this 
is rarely economically practicable. There is likely to be much 
hidden timber requiring treatment, e.g., joists and plates, roof 
timbers behind sloping plastered ceilings. Some opening up is 
essential to determine the seventy of attaek in such timbers. If 
these are not structurally weakened, the use of smoke generators < 
provide an economical method of eradicating attack in confined 
spaces, e.g., roof voids. Holes require to be cut in plastered ceil- 
ings, or occasional fioor boards taken up, to permit of inserting 
ignited generators, but this involves much less makmg good than 
would be involved were it necessary to take up floors or hack 
down ceilings. The “ smoke ” given ofi by those generators is 
only effective against emerging adults; no x>onetration of the 
wood is secured. The generators should be used about once each 
month during the “ flight ” season of the pest. Provided thorough 
inspections are made regularly each year, treatment can be con- 
fined to actually attacked timber, and immediately adjacent 
members ; it is advisable to take up flooring to permit of treating 
joists and plates beneath. 

The Lyctua beetle is the common powder-post beetle, the 
larvae of which feed on the starch stored in the sapwood of some 
tinibers. Only hardwoods are attacked, and then only species 
of timber with pores large enough for e^-laying (about ^ mm. 

*■ Mean. Wwmw Linuted, High Pott, Sababniy, Wilts., tod Imperial CSiamioal 
ladartriet maairfactme tmolw genetatoia. 
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in diameter) : eeaaoned, or nearly fully seasoned, timber is 
sdeoted by the adult for egg-laying. In effect, only some timbers 
are attached, and then only the sapwood of sudi timbers, provided 
it oontuns sufficient stored starch. The frass is a very fine 
p^der, which feels like flour when rubbed between the fingers. 

Eradication of powder-post beetle infestation is rather more 
difficult than dealing with furniture-beetle attack, because the 
damage is usually more deep-seated and extensive by the time it 
is detected. Where practicable, heat^iterilization is the most 
effective method of eradication, and, provided no timber is 
excluded from sterilization, further precautions are likely to be 
unnecessary. Heat-stoiilization is, however, often impracticable, 
and the infestation has to be dealt with on the site. If the attawk 
is at all widespread, it will often prove more economical in the 
long run to deal with it by cutting out the sapwood of all 
susceptible timbers. If less Mastic measures are decided upon, 
obviously attacked material should be out out, and any sapwood 
retained diould be treated with an oil-solvent preservative. 

To sum up : identification of the particular pest at work is 
important, but it is of no less importance to establish whether 
or not there is continuing, active infestation. Thousands of 
potmds are being expended ^mnuaUy in appl 3 ung wood preserva- 
tives indiscriminately to the timbers of our churches and other 
buildings, often when infestation is no longer active, and 
even may have been “ dead ” for upwards of a century’ or 
more. With some insects, it is often sufficient to concentrate 
on eradicating decay, which will dispose of the beetle pests too. 
Heat-sterilization is the most certain method of killing all stages 
of infestation, and is recommended in all appropriate ciroum- 
stances. The in sUu use of wood preservatives has an important 
place in dealing with areas of continuing, active infestation, and 
where it is essential to prevent ro-infestation. It must not be 
overlooked that preservatives do not restore the strength pro- 
perties of attacked timbers, and a single treatment is unlikely to 
secure 100 per cent, success. The proper cleaning of wood prior 
to treatment, and the thoroughness with which the preservative 
is applied, are all-important. The initial cost of a preservative 
is not a good yardstick for assessing its efficacy ; a disclosed 
formula, whose proper cost can be accurately determined, is to 
be preferred. 
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GRADING OP TIMBER 

GENERAL PRINCIPLES 

The inherent variability of natural products presents many 
difficulties in their marketing, particularly since comjietition and 
mass production have brought a high degree of uniformity in 
rival, manufactured materials. Timber producers have long 
found it advantageous to study the variability of wood, and 
some have evolved sets of rules and grading marks that have 
come to be regarded as a guarantee of high quality. Unfortun- 
ately in some countries there is little standardization in the 
quality of timber from different millb, and some producers are 
found to bo inconsistent in their grading over a period of years. 
In the interests of all parties, attempts have been made on the 
part of various Governments to standardize the grading of many 
natural products, but timber has generally escaped such benefieial 
action, and in this country there has been no concerted effort on 
the part of the industry ae a whole to introduce grading rules. 

A set of rules applicable to organic materials must of necessity 
be to some extent arbitrary, and the rules will invariably be 
subject to the personal factor in interpretation. This accounts 
in part for the delay in the universal acceptance of grading rules 
for timber. The fimt sot of rules was issued as long ago as 1764, 
when Sven Alvcrsdon of Stockholm defiiied four grades of Swedish 
pine, i.e., “ best “ good ”, ” common ”, and ” culls ”, and there 
have been the Hernosand rules since 1880, but timber has not 
been obtainable graded in accordance with these written rules. 
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rates In the United Kingdom, although fmr lazge oontraota it 
would piobablj be obtainable if so specified. 

la America and Canada timber has been graded for many 
y^ars in accordance with special, written grading rates, agreed 
on by the different sections of the industry as a whole. These 
rales have the great advantage of having been drawn up by those 
thoroughly acquainted with the quality of timber mxlinaiily 
produced in the mills of each particular ^region, and the rates are 
revised and modified to meet changing taarket needs. In conse- 
quence, the rules meet consumers' requirements, but remain 
essentially workable. This is an important point, and one that 
is noticeably absent in rules drawn up by consumers, say, in 
London, for use in Africa or Asia. However desirable it may be 
that timbers should be of some particular quality, only a small 
proportion of the outturn of a region will be found to conform 
with a set of arbitrary rules that have not taken into account 
the range in quahty ordinarily encountered in the mill. With 
data on the last-mentioned point, the problem of drawing up a 
set of rules becomes practicable , standards can be devised that 
fit the outtuni, while meeting the essential requirements of the 
consumer. The alternative, of drawing up rules to meet con- 
sumers’ demands, is usually unsatisfactory : much timber just 
fails to come up to the standard of each particular grade and 
has to be degraded to the next lower grade ; slight modifications 
in the rules, shifting the emphasis on certain grading criteria, would 
often make such degrading unnecessary, and yet would ensure 
retention of emphasis on qualities of most importance to con- 
sumers. Buies drawn up by producers must, however, take 
sufficient regard of market requirements, otherwise purchasers 
will have no confidence in the products offered. 

North American published rules are lengthy documents that 
cover every aspect of sorting the mixed outturn of sawn timber 
obtuned by breaking dovm logs in a saw-mill. Personal judgement 
still comes in, but it is specifically laid down that such judgement 
must not supersede stated conditions in the rules themselves. It 
has been found that whereas two experienced graders may differ 
somewhat as to the grade of individual pieces of timber, when 
whole consignments are judged, such individual differences are 
evened out. The aim is to achieve standardizatiott in quality, and 
tills wiD mem readily result ficom intelligent interpretation of tiie 
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roles than rigid adherence to tibe letter — hence the importance 
of skilled judgemoat in graders. 

Grading is dcme from the worst face of every piece of timber, 
onleas otherwise iq>ecified. It is usual to allow a small margin, 
say, 6 per cent., of below-grade material to cover the human 
factor in grading. Lengths, widths, and thicknesses are stan> 
dudized, with maximum allowances laid down for variations 
from these standards. Standard lengths are usually even numbers 
for softwoods, with 9, 11, 13, and 15 feet lengths in certain thick- 
nesses, and both odd and even feet from 4 to 16 feet for hard- 
woods, with not over 50 per cent, of odd lengths. Standard 
thicknesses and standard widtiis are similarly prescribed in the 
rules, but in these two dimensions the sizes are nominal ; that is, 
the actual widths and thicknesses are less, within specified limits, 
than the named dimensions. 

Many grades are determined on a defect basis ; that is, the 
different defects are given a numerical value, and, according to 
the grade, different maximum scores are allowed, depending on 
the size of the piece. In the National Hardwood Lumber Associa- 
tion’s rules a knot 1^ in. in diameter constitutes a standard defect, 
four pin-worm holes or their equivalent also constitute one 
standard defect ; knots 2| in. in diameter count as two standard 
defects, and so on. Alternatively, the grade is fixed by the 
percentage of clear timber obtained by cross-cutting or ripping, 
or both, to exclude defects ; the percentage of clear timber so 
obtained, the number of separate cuttings to obtain such timber, 
and the minimum sizes of pieces to count as cuttings, vary in 
the different grades. There are many grades, e.g.. First, Seconds 
Select, No. 1 Ciommon, No. 2 Common ; firsts and seconds are 
frequently combined as one grade with a minimum percentage 
of firsts to be included. 

To ensure uniformity of grading as for as possible, several of 
the larger lumber associations in North America employ corps of 
men who grade the produce of all the members. In this way 
grading is made entirely independent of the millers, and the 
public is aiHrared of a mininniTn standard, wherever the purchase 
is made. This has been tested by observers from the Fmrest 
Products Laboratory, Madison, by surveys carried out in many 
States. There is still adequate scope for individuality, by atten- 
tion to detail not spedfioally covered by grading rules. 
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THE BALTIC TRADE 

Before disoossing the standardized rules in use it Trill be as 
wfll to consider the position in those countries that have not 
adopted standard rules. Chief of these, as far as the British 
market is concerned, are the Baltic countries, inelnding Russia, 
which supplied the bulk of the carcassing timber used in the 
United Kingdom up to the time of the Ottawa Conference in 1933, 
and those countries stiU supply the greater proportion of our needs. 
Grading in these countries is in essentially the same state as it 
was forty or more years ago, with the important difference that 
there has been a marked falling-off in quality of timber exported. 
The only possible exception to this statement is Finland since 
1937 : whereas the Hornosand rules applied to one district of 
Sweden, the Forest Products Association of Finland sponsored 
a committee to draw up grading rules for that country as a whole. 
A set of rules was published in 1936-7, but how much timber 
graded in accordance with the rules reached the United Kingdom 
is not known. It is, therefore, generally true to assert that 
every manufacturer follows his own rules, the actual grading, or 
bracking as it is called, being done by men with a lifelong associa- 
tion with timber. The gradep used are Ists, 2nd3, 3rds, 4ths, 5ths, 
and 6ths, and “ unsorted ”, the last being a mixtmre of grades 
better than Sths. The bulk of the timber from the Scandinavian 
counl^es is graded as ** unsortod ” or Sths, and that from Russia 
as Ists, 2nds, or 3rds. In the Scandinavian countries heavy cut- 
ting in the past has necessitated the openuig-up of now areas of 
forest, with the result that the natine of the raw material coming 
to the mills has changed. Shippers who have been in the habit 
of obtaining supplies from one locality year after year are obliged 
to go to different localities each year, and the brackers, with only 
empirical experience to guide them, are dependent on their own 
judgement for maintaining continuity of quality. Moreover, 
when it has been cnstomaiy for the total production to yield 
certain percentages of each quality for many years, there is a 
tendency to secure the same percentages, irrespective of any fall 
in quality in the mill intake. Nowadays the produce of successive 
years, shipped under the same marks, may vary appredably and, 
in consequence, the purchaser can no longer depend on particular 
shipping marks to secure the type of timber required. 



OE. xn OB ADXNG OF TIMBER Ml 

The pcsotioe of arohiteota, Burveyors, and ewgiuftBirR, of 
specifying their requirements in considerable detaU, does little 
to aUeviate the position. Until quite recently, the specifications 
frequently imposed ridiculous limitations. For example, the con* 
tractor was frequently called on to supply timber straight in 
the grain, free of sapwood, knots, and other defects ”, and clauses 
were sometimes added to exclude “ dead ” wood and “ blue- 
stain ”. Such specifications are, and always have been, impos- 
sible of fulfilment. Timber is a natural product and is never 
absolutely free from defects or minor blemishes, many of which 
impair its utility but little. Some latitude, for example, in 
straightness of grain is permissible for most purposes, the ex- 
clusion of sapwood is rarely essential and is frequently impossible, 
and knots cannot be avoided excejit in timber from the outside 
of really largo trees. For many purposes “ blue-stain ” is unim- 
portant, and it has been established that sound wood from dead 
trees is in no way inferior to that from living trees, and as it is 
drier it may be actually superior. As dead trees are more liable 
to attack by fungi and insects than living trees, their timber 
should be inspected for any signs of infection. If the expense 
is justified such stock should be kiln-seasoned before use. 

In effect, such stercoU’ped specifications are quite valueless, 
but many wordings still in use are little better in performing 
the essential function of a specification, which is to define the 
quality of materials required. The first essential is that the 
specification shall be capable of fulfilment, and, secondly, that 
the conditions laid down are appropriate to the particular case, 
when it becomes the d<ity of those responsible to ensure that the 
specification is, in point of fact, implemented. 


THE AMERICAN AND CANADIAN TRADE 

The practice in the U.S.A. and Canada is for the producers 
of different classes of timber to form themselves into Associations, 
and for the Associations to issue grading rules for their products. 
Thus in the U.S nearly all hardwood timber is graded in accord- 
ance with the rules of the National Hardwood Lumber Associa- 
tion. Softwoods, being more widely distributed, are handled by 
a larger number of Associations, each with its own rules. For 
example, there axe the Southern* Fine Association, the Northern 
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Fine lAanufaotuien’ Association, the Southern pypress Bfann- 
faotniers’ Assooiaiion, the CaUfornian Redwood Association, and 
the West Coast Lumbermen’s Association ; each is situated in 
a .different geographical region, and handles different timbers. 
In Canada the Associations are fewer, but the principles remain 
the same. Douglas fir. Western hemlock. Western spruce, and 
Western red cedar, for example, are graded in accordance with 
the grading rules adopted by the British Columbia Lumber and 
Shingle Manufacturers, Limited. Canadian hardwoods are graded 
in accordance with the American Association’s rules, and in 1942 
the Maritime Lumber Bureau of Nova Scotia issued grading rules 
for Eastern Canadian spruce. 

THE EMPIRE TRADE 

Attempts to introduce many new timbers from our tropical 
colonies to the United Kingdom market have been handicapped 
by the absence of recognized standards of quality. This has led 
to official action, and a sub-committee of the Imperia^Institute 
Advisory Committee on Timbers was appointed to examine the 
position. As a result, grading rules and standard sizes for Empire 
hardwoods have been evolved on American principles. These 
rules have been published by the Imperial Institute ; they are 
divided into three sections : 

A. Hardwoods from countries other than 
Canada and New Zealand. 

B. Canadian hardwoods. 

C. New 2iealand hardwoods. 

The rules are concerned in detail only with timbers in section 
" A ”, the rules of the National Hardwood Lumber Association 
being accepted for grading timbers in sections “ B ” and ” C ”. 
Three divisions are made in section ” A ” : (1) Standard Qradea 
(two qualities), (2) Wormy Qradea (three qualities), and (3) Qradea 
for Shorts, Squares, Strips, Quarter-saum stock (seven qualities). 

The Empire rules have been in existence sufficiently long to 
permit of their practical assessment, and for their shortcomings to 
become apparent. It seems unfortunate that section A did not 
follow the American rules more closely, and that they were not 
evolved from actual study of mill outturn. As it is, the rules 
provide for an ideal standard, but with many timbers only a small 
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peroentage of the outturn is of this highest standard, and the 
balanoe griKleB not to the intermediate grades, but to the lowest 
grade provided for. This is because the grades are not well* 
balanced from the mill output standpoint. Modifications are 
required to ensure that the outturn can be graded into a series 
of balanced, progressively lower grades, from prime downwards. 
The American principle of combming two consecutive grades, 
stipulating a minimum percentage of the higher grade, would 
also assist in ensuring workable rules. The Empire rules are 
destined to give place to local rules, a course that has already 
been adopted in Malaya and North Borneo. 

It remains to be seen how any fixed grading rules will work 
out in practice in the colonies, except in large-sized Eiuropean- 
owned plants. After the initial stages in developing a demand 
for graded outturn, the work of grading must be handed over to 
subordinates. These tend to err in one of two directions : th^ 
may adhere too rigidly to the letter of the rules, which makes the 
best of rules unworkable, or they may be too generous to the 
timber by failing to degrade with sufficient severity. Grading 
must be carried out with great rapidity for it to bo economically 
practicable, and, as it calls fur considerable judgement, besides a 
very keen eye, it is a highly skilled operation. The introduction 
of rules is a step in the right direction, but the colonies have a 
long way to go before grading there can be expected to be in as 
satisfactory a position as it is on the North Amenean continent 


STRESS-GRADED TIMBER 

Co-operation between producers is necessary to ensure the 
working of grading rules, but, os has already been indicated, 
certain other conditions must be fulfilled. Firstly, the grades 
must be so balanced that they fit the range in quality of the 
timber to which the rules apply ; secondly, the rules must fill 
the requirements of the market ; and thirdly, there must be a 
proper appreciation of the significance of defects. Modem 
grading rules differ in details, but all are based on the evaluation 
of defects or bl^nishes. 

The signifioanoe of defects depends on the purpose to which 
timber is put, and on the kind of timber. For example, blemishes 
that mar the appearance of wood,’but do not reduce its mechanical 
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strengtii, are animportant in straotaial timbms, and, oonveoFsely, 
defeots that reduce strength properties without apiuedably 
spoiling the appearance of a piece of timber are serious. With 
dcjoorative timbers the reverse is true, and a defect that reduces 
strength but does not disfigure the timber, is less imx>ortant than 
one that has little effect on mechanical properties but is relatively 
conspicuous. These facts have long been recognized, and are 
allowed for in the rules as they stand today. A new departure 
is the development of stress-grading ruldS, aimed at ensuring that 
the timber in each grade shall have certain minimum strength 
qualities. Again, the evaluation of visible defects is the principle 
behind the stress-grading rules ; the theory has been discussed 
earlier, vide pages 139 to 144. 

The British stress-grading rules are covered by conditions laid 
down in the appropriate British Standards Institution’s specifica- 
tions already mentioned. In a preamble to the rules, their seope 
and certain terms are defined. Multiplication factors ore proAdded 
to allow for use of timber in “ protected ” (l-O), “ exposed ” (0*86), 
and “ damp ” situations (0*70). In other words, where there is 
an unavoidable decay hazard there is an initial surplus in the 
strength properties of the timber, which it is presumed will be 
offset as decay develops, bnt before it becomes evident. It is 
presupposed that timW used in such less favourable circum- 
stances will be inspected periodically. The timber must be graded 
in accordance with its section and length ; if re-sawn or cross-cut 
it must be regraded. The timber is required to be free from 
certain defects, while the number or size of other defects is 
proscribed. Sapwood, whether bright or discoloured, is not 
regarded as a defect in timber used in “ protected ” positions, 
t.e., where the timber is protected at all times against wetting 
by rain or by moisture firom the soil or adjacent structures. 
Minimum weights per cubic foot for the different timbers covered 
by the rules are laid down ; maximum limits in regard to sloping 
grain are imposed. Dimensions must be full, at 22 per cent, 
moisture content ; and the sizes and tolerances permitted must 
conform to the requirements of B.S. 1175. Limitations ate im- 
posed on the amount of wane permitted ; and miniTifinni numbers 
of rings per inch, varying in different grades, are laid down. 

* Wane is tbs leduoed tbitdoMas sad width of a pieos oonasqueat on cutting 
ths bonid or plonk to inoluds hoik on • portion of ons fooe and edgo. 
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The grades have been designated by tiie stress symbols/, wad o. 
The stress i^ymbol/. indicates the permissible stress in lb. per sq. in. 
in the exixeme outside fibres of a beam in bending, and the stress 
symbol c. is the permissible stress in compression pawtlM to the 
grain in lb. per sg. in. at any point in a column or strut. The 
grades recognized are : 1200 lb. /., 1000 lb. /., and 800 lb, /., f>»r 
joists and planks ; and 1200 lb. e. (European larch and European 
redwood), 1000 lb. c. (European larch, European redwood, and 
European whitewood), and 900 lb. e. (European whitewood), for 
structural columns and struts. Material graded in ii.nnnr iln.fice 
with these rules may be presumed to possess the nfiinimiiTu 
strength properties of the stress grade to which it belongs. 
Allocation to a particular grade is made on the allowable, visible 
defects in the piece, wliieh must, in addition, conform with the 
other stipulated conditions of that grade. 

The defects enumerated iuclndo knots, knot holes, holes from 
other eauses, shakes, checks, and splits ; these have to be 
measured in certain clearly prescribed ways. Each grade is thus 
proscribed by the following conditions : 

For joists and planks — (a) knots : maximum permissible size 
of knots in the middle third of the length of the piece (the sizes 
vary with the breadth and depth of the piece) ; (b) slope of grain ; 
(c) wane ; (d) shakes, checks, and splits in seasoned timber (vory- 
' ing in size with breadth of piece) ; and (e) rate of growth or number 
of rings per inch. 

For structural columns and struts — (a) shakes, checks, and 
knots : maximum permissible size, which varies with the nominal 
wridth of surface ; (b) slope of grain ; (c) loane ; and (d) rate of 
growth. 

It is yet too early to form an opinion of the success of stress- 
grading rules. So far they have not been generally adopted in 
the United Kingdom, and it is not ordinarily possible to purchase 
stress-graded timber in the market Such grades have, however, 
been specified in large Government contracts. The principles are 
right, but only use of the rules can determine whether the grades 
selected are practicable or not ; it would be just as useful to 
have 1100 lb. / , 900 lb. /., and 700 lb. /. stress grades if these 
should be found to fit the outturn better. Much will depend on 
whether typical shipments wriU provide reasonable proportions of 
each grade, and not only occasional pieces within tiie limits of 



SM FACTORS INFLUENCING UTILIZATION xv.nr 

thA li4||heei*grades, -with most &]liiig in the lover grades. Qi^en, 
however, such rules, timber comes into the realm of engineering 
materials. We most, however, cease to specify, say, 2 in. by 
7, in. joists at 14 in. centres, if, with the new data, the selected 
stress grade would meet our requirements, and be more economical, 
were 2 in. by 8 in. material, at 18 in. centres, used. 

SPECIFICATipNS 

The existence of standardized rules does not obviate the 
necessity for specifications to defino the purchaser’s precise 
requirements, but in the absence of such rules the role of spedfica- 
tions is even more important. They serve the dual purpose of 
defining a client’s reasonable demands and the contractor’s 
legitimate liabilities. The simplest course is to specify a particular 
grade of timber and to add clauses to meet the special require- 
ments of a particular case. This is possible only when recognized 
grades of the required timber exist — a condition seldom obtain- 
ing at present in Britain. Alternatively, the grade may be more 
vague and the conditions more explicit. Up to the second world 
war it was sufficient to specify “ unsortod, Finnish pine from the 
Kotka or Uras districts ” po ensure a reasonable standard, suit- 
able for carcassing work, although there was nothing like the 
same assurance of quality, compared with conditions existing ” 
thirty years earlier. Similarly, 2nd-qua]ity Archangel was likely 
to be entirely satisfactory for joinery purposes, but with the 
same reservation as applied to carcassing material. It is possible 
that when trading conditions again become normal, a few ports 
wiU continue rightly to bo known for the high quality of their 
shipments, but it is most unlikely that this state of affairs wffl be 
at all widespread. Moreover, any general tendency to restrict 
specifications to material from only a few ports would inevitably 
put enhanced values on such timber. 

In the absence of grading rules, it is essential to restrict the 
number of defects that will be accepted, and to define them in 
precise terms, in the specification. In this connection the stress- 
grading rules are an invaluable guide, even in oases where fbe 
rules as a whole ore not adopted. With a progressive lowering 
in quality of ungraded timbor, it becomes imperative to check 
the suitalnlity of seleoted sizes by means of the simple fiamnloe 
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availabfo. If the soantiing sizes call for a value tat /. above 
800 lb. pec sq. in., thm nothing lower than the minimum quality 
provided for in the stress-grading rules is suitable. Alternatively, 
if a value of only 600 or 600 lb. per sq. in. is required it is ahnost 
certidn that timbor is being used uneoonomically. ' 

Besides placing some restrictions on the grade of timber to be 
supplied, certain general conditions should always bo laid down 
in a specification, together with clauses governing subsequent 
constructional stages. No standard form can cover all require- 
ments, but instructions under each of the Leads given below 
should be considered in every timber si)e(‘ificaliun. 

Cferieral. — ^All timber is to bo correct as to species and quality 
specified. State whether sizes ore full, bare, or scant, with 
limitations in regard to what will be tolerated. 

Time of ddivery. — ^Timber to be delivered on the site before 
any building ‘operations, other than clearing of the site, are 
commenced, and to bo projicrly stacked under cover in a 
suitable position. 

(Note : if kiln-dried timber is specified, the storage period 
should be reduced to a minimum, or delivery should be as and 
when the material is required.) 

Storage of Umber on the site. — ^Proper stacking to include 
the provision of a roof over the stacks of timber, and protection 
*at the sides from driving rain and direct sun ; foundations of 
stacks to be described. The timber in the foundations, and for 
stickers, to be thoroughly sound, and if of a species susceptible 
to powder-post beetle attack, absolutely free from sapwood. Size 
and spacing of stickers to be defined. Stacks of 1 in. material 
and under to be adequately weighted, and all projecting lengths 
of timber to be supported beneath and covered above. 

Framing of timber. — ^Timber joints to be well and accurately 
cut, and all members properly framed together in accordance with 
drawings. 

(Note : full-size, detailed drawings should be supplied for each 
type of timber joint required, and where members ore to be spiked 
the size and number of nails to be used should be specified.) 

FirUshingt including wood preservatives. — ^Provision for 
inspection befoiiB wood is painted or brush-coated with pre- 
servatives should be provided for. 

Tba following paragraphs cover typical specifications for (a) a 
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naturally durable, heavy constructional timber, (b) a moderatdy 
durable, medium-heavy constructional timber, (c) a general utility 
timber, e.g., Douglas fir, European redwood, red meranti, (d) 
shingles, and (e) plywood ; it is assumed that the plans will 
incorporate sound principles in regard to the provision of adequate 
ventilation, and in countries where white ants occur, termite-proof 
measures. The author ventures to put forward a list of standard 
defects at the end of the timber specification ; local conditions 
may suggest modifications of this list. Timbers to be used should 
be specified by their standard trade names ; defects known to be 
common in the selected timbers should be specially referred to, 
and the extent to which such defects will be admitted must be 
defined. 

Naturally durable ^ heavy ccmatructvonal timbers, — ^All timber in contact 
with the ground is to be of [a named timber], or other approved liardwood, 
and all scantlings are to be thoroughly sound, full to thickness, well cut 
and with parallel edges. The timber is to be jdaned all round, and is to 
be absolutely free of defects except in regard to the following, which shall 
be allowed : 

(a) Bends not exceeding 1 in. in 12 ft run. ^ 

(b) Sapwood not exceeding 1th of the \Mdth of any face and restricted 
to not more> tlian t'^o faeces ; the sapwood is to he adzed oil before fixing. 

(c) “ Pin-worm ” holes, i.e., galleries nf>t exceeding in. m diameter, 
shall not count os a defect jiro^vided they are old and inactiv'o and that 
the burrounding timber is thoioughly sound. 

(d) One standard defect in lengtlis of 8 to 12 ft, two standard defects . 
in pieces 12 to 16 ft long, and tliree standard defects in pieces over 16 ft 
long. For the purpose of this speoifieation sapwood and “ pin-holes ** are 
excluded from the list of standard defects, being limited by clauses (b) 
and (c) respectively. 

Moderatdy durable^ medium-heavy constructional timbers, — (i) Shingle 
or tiling battetis : [a named timber], or other approv cd timber, is to be used 
for shingle battens ; it is to be thoroughly sound, absolutely free from 
sapwood, 2 in. by 1 in. nominal sizes, well cut, and with parallel edges ; the 
following defects will be permitted : 

(a) Bends not exceeding 1 in. in 12 ft run. 

(b) Not more than tw’elve “ pin-worm ” holes, t.e., galleries not exceed- 
ing in. in diameter, w^ill be allowed in any foot run on the worst face. 

(c) One standard defect in lengths of 8 to 12 ft, two standard defects 
in pieces 12 to 16 ft long, and three standard defects in pieces over 16 ft 
long. For the purpose of this si^ecification sapwood and pin-holes ” are 
excluded from the list of standard defects, being limited by clause (b) 
and the preamble. 

(ii) Framing and other carcassing timber : [a named timber], or other 
approved timber. AH timber other than posts in contact with the 
foundations, shingle battens, flooring and joinery, is to bo of [a named timber], 
or other approved timber selected by the orcluteot. It is to be thoroughly 
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sound, well out. and with parallel edges, framing to be planed all round ; 
are nominaL 

Every piece is to be absolutely free of defects except in regard to the 
following, which will be allowed : 

(a) Bends not exceeding 1 in. in 12 ft run. 

(b) Sapwood not exceeding ith of the widest face and ^ in. of any one 
other face of the same piece. 

(c) One standard defect in lengths under 8 ft. two standard defects 
in pieces 8 to 12 ft long, three standard defects in pieces 12 to 16 ft long, 
and four standard defects in pieces over 16 ft long. For the purpose of 
this specification, sapwood is excluded from the list of standard defects, 
being limited by dause (b). 

Oenend utility timbers. — ^Flooringand joinery is to«beof [anamed timber], 
or other approved timber selected by the architect. It is to be thoroughly 
sound, well cut. and have parallel edges ; fiooring is to be planed on one 
face and both edges, and all other timber in this section is to be planed 
all round ; sizes are nominal. Every piece is to be absolutely free of 
defects except in regard to the following, wliich will be allowed : 

(a) Bemls not exceeding 1 in. in 12 ft run. 

(b) Sapwood not exceeding J in. on any face, but allowing a total of 
1 in. plus the tliickti<*8S of the piece if confined to one edge. 

(c) Not more than four “ shot-holes ».e.. galleries up to | in. in 
diameter, in any foot run. and an average of not more than one per foot 
run of total length in 60 per cent, of the material, the remainder to allow 
an average of not more than two ** shot-holes ** per foot run of total length. 

(d) Except in flooring timber, slight ** spongy heart *’ will be allowed 
provided no visible compression failures are present ; flooring timber is to 
be free from all visible traces of spongy heart 

(e) One standard defect in lengths under 8 ft. two standard defects in 
» leng^lis of 8 to 12 ft, three standard defects m lengths of 12 to 16 ft, and 

four standard defects in lengtlis of over 16 ft. For the purpose of this 
specification sapwood and shot-holes *’ ore excluded from the list of 
standcurd defects, being limited by clauses (b) and (c) respectively. 

Shingles. — ^The shingles are to bo best quality, split (or quarter-sawn), 
seasoned [a named timber] shingles, purchased from a firm selected by 
the architect; shingles euro to be pre-bored before fixing (this clause 
applies to biUian or other hardwood shingles cuid not to western red 
cedar). They are to be laid to a lap equal to one-third of their length 
(a greater lap may be allowed if double coursing is specified), with a dear 
space of in. to ^ in. between each sliingle ; no vertied joint in any 
three successive rows shall coincide but shall be staggered not less than 
one-third of the width of a shingle.* 

Plywood. — dinner cores of plywood shall be of Douglas fir or other 
approved softwood, or of a timber immune to powder-post beetle attack ; 

^ If the flooring timber eeleoted is a species susceptible to powder-post beetle 
attack, complete freedom from sapwood must be specified ; this precaution also 
applies when such tflabers are to be used for joineiy, panelling, and fittings. 

* If stained or treated shingles are required, such treatments are to be applied 
before fixing. U the species is one susceptible to powder-post beetle attack, freedom 
from sapwood must be specified unless tbh shingles are to be pressure-treated. 

U 
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the sutfaoe veneers shall be free from sapwood unless of a species immune 
bom powder-post beetle attack.^ The cementing matrix shall be a ossein 
l^ue or other approved adhesive. All external plywood to be resin- 
bonded plywood of external grade quality. 


SUGGESTED STANDikBD DEFECTS 


The following is a list of standard defisots : 

Item 

Knots 

One sound knot | in. to in. in diameter or equivalent . 

One sound knot over in. to 2^ in. in diameter or equivalent 

One sound knot over 2 j in. to 3^ in. in diameter or equivalent 
Two knots, each under ( in. in diameter or equivalent 
Three knots, all under } in. in diameter or equivalent 


number 


ofhtandofd 

defeete 


. 1 

. 2 

. 3 

. 1 

. 2 


Worm holes 

One or more ** pin-worm ** holes, t.e., galleries up to in. in 
diameter, in a group not exceeding 1| in. in diameter . . 1 

One or more ** shot-holes ”, t.e., galleries up to ^ in. in diameter, 
in a group not exceeding in. in diameter . . ^ . 1 

One bore-hole (or gallery) other than a ” pin- worm ” hole or ” shot- 
hole ” not exceeding ^ in. in diameter . . . .1 

One bore-hole (or gallery) other than a ” pin-worm ” hole or ” shot- 
hole ” but exooedmg } in. hi diameter . • . .2 


One end split, or splits at each end, not exceeding in total length 
in inches half the hneal measure of the piece in feet ; each split 
opening out not more than | in. per foot of length . . 1 

One end split, or splits at each end, not exceeding in total length 
in inches the lineal measure of the piece in feet ; each split 
opening out not more than 1 in. per foot of length . . 2 

Sapwood 

Sap on species not exceeding in. in thickness : 

(i) If G in. or over in width, not exceeding | in. on any face, but 

allowmg a total of 1} in. plus the thickness of the piece if 
confined to one edge . . . . . .1 

An additional ^ in. of sapwood as above shall be considered 

as equal to a total of two defects. 

(ii) If under 6 m. in width, | in. on any face, but allowing a total 

of 1 in. plus the thickness of the piece if confined to one edge 1 
An additional i in. of sapwood os above shall be considered 
as equal to a total of two defects. 

^ If the jdywood avaUable does not confonn to this specification, the edges 
of the sheets must be adequately treated with a suitable wood preserv a t iv e. 
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Sap on pieoea exceeding 1} in. in thioknees : 

(i) Sapwood on not more than three faces and in widA on any 

face not exceeding ith of the width of that face 1 

(ii) Sapwood on not more than three faces and in width on any 

face not exceeding } of the width of that face . • 2* 

(Note : it will be apparent that the grade of a piece of wood con be 
improved if defects are cut out by trunming the piece; tnninung is 
regularly practised in American and other up to-date mills.) 

Other conditions than quality of the timber are of practical 
significance. Chief among these are the moisture content of 
the timber and the condition of the buildkig at the time the 
timber is to be installed. Requirements as to moisture content 
are specified on pages 102-3 and 107, but equally important is the 
state of dryness of the building. It is sometimes economical to 
install temporary heating before fixing second fixings. Special 
instructions /nust be given regarding the drying of timber to 
the correct moisture content if air-conditioning is to be installed ; 
only two ways of drying the timber adequately are available, 
one being in a kiln and the other in an air-conditioned chamber. 
Furniture suitable for ordinary atmospheric conditions will sulTer 
serious degrade in air-conditioned rooms if the moisture-equili- 
brium conditions of the latter are lower than normal, which they 
are most likely to be. 

The recommendations made above provide for considerable 
stiffening of specifications for timber acceptable for building work ; 
more latitude than is allowed at present may be granted in a few 
directions, e.g., the use of sap-stained timber where sapwood is not 
objectionable, the use of pin-worm material. Where appropriate 
British Standards exist the timber should be required to conform 
to the appropriate Standard, the number and date of which 
should be cited. If this procedure is adopted it should suffice to 
specify the Standard and the name of the timber required, 
indicating, where they exist, whether any permissive clauses in 
the Standard shall apply. Where timber absolutely fiee from 
sapwood is required, e.p., joinery and flooring in Xyrfus-susceptible 
hardwoods, it should be so specified, and a rider added that the 
condition will be rigidly enforced. In general, such meaningless 
phrases as “ wafl-seasoned timber ” should be omitted and the 
moisture content range required specified. 



CHAPTER XVII 


WOOD AS AN ENGINEERING MATERIAL 

Variability in wood undoubtedly imposes limitations on its 
uses, but an understanding of the variation discussed in 
Chapter VII is probably of more importance to the grower of 
timber, that is, the forester, than it is to the consumer, be he 
architect or engineer. Fortunately, with the knowledge that 
variability exists, and some knowledge of its extent, it has been 
possible to overcome the limitations imposed. The data for 
strength properties, and the development of stress-grading rules 
from such data, coupled with the use of timber connectors and 
modern adhesives, have rendered strength variations of secondary 
importance in modem timber design. Moreover, these develop- 
ments place timber today in the field of engineering materials, 
more modem even than steel or reinforced concrete. In fact, it 
is the newest material alVailable, with many advantages on 
economic grounds over its competitors. This has attracted the^ 
interest of a few stractural engineers who see an almost limitless 
new field for wood. The writer has borrowed freely from the 
writings of one of these, Mr. P. O. Reece, ^ in the following 
paragraphs. 

Timber has been used as a stractural material from the 
earliest times : examples can be traced to the neolithic era, dating 
back to about 8000 b.c., but it was not until 1678, when Robert 
Hooke established the fundamental relation between stress and 
strain, that any adequate theory was available to guide designers. 
For another two hundred and fifty years little scientific knowledge 
accumulated to aid timber utilization ; it remained a material 
for the craftsman, and the engineering formulae developed for it 
in this period were based on little more than empirical practice. 
Between the two world wars the whole position changed : an 
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^wiwftnaA volume of data telatiog to the strength properties of 
timbers was collected, but these data have, as yet, been very 
sparingly applied. 

Regarded as an engineering material, the approach to wood 
must be quite different from past practice : there are many j'aid* 
sticks to apply, but one of the first descnbed by Reece is speciflc 



Flo. 42 — “ The broad shaded bands be one above the othei in ordei of merit, and 
varymg m their relative positions, depending on the nature of the stress 
Thus, for flexural rigidity the order is timber, plastu s, and metals , m shear, 
metals, plastics, and timber , and so on . in earh band the upper hunt 
repiosents low density forms of the particular material, and the lower bmit 
the high density forms ” (loe e«(. p 120) 

SyemuUi^ofP 0 


Strength ; that is, the ratio of strength to unit weight. A second 
criterion must be that of cost ; the comparison here is the ratio 
of weight to cost. 

Specific strength most, of cotirse, be separately calculated for 
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BtEoagth in oompression, in tension, and in shear. lioie<rmr, as 
few structural members are used in pure compression, tensicm, or 
shear, flexural considerations that cannot be divorced from size 
aqd geometrical properties of these members most be studied. It 
has been established that, for geometrically similar sections of 
equal weight, the cross-sectional area varies inversely as the 
density, and the section modulus varies inversely as the density 
raised to the power of 1-5. The specific strength in bending is, 
therefore, the stress divided by the deilsity raised to the power 
of 1*6. When deflection is a governing condition, strength is a 
function of the flexural rigidity factor : modulus of elasticity 
multiplied by the moment of inertia of the section, or simply El. 
The moment of inertia varies inversely as the square of the density. 
Hence, the specific strength of members governed by deflection 
limitations is the modulus of elasticity divided by the square 
of the density. 

Working iriim the foregoing premises, Beece examined the 
comparative eflSciency of five different structural materials 
subjected to different kinds of stresses. From this analysis he 
constructed the pictorial order of merit chart illustrated in 
Fig. 42. From the chart the superiority of timber in flexural 
rigidity is immediately apparent, rendering it pre-eminent for all 
structural components that can fail from elastic instability, e.g., 
slender, lightly-loaded columns ; long, hghtly-loaded beams ; ' 
stressed-skin construction, where the covering or panel-filling 
material is utilized to stiffen the framework ; and, in general, all 
components that are lightly loaded in relation to their size. 

Next, Beece has provided a comparison between the loads that 
solid, circular-section, timber struts of different lengths will cany, 
and those that rolled steel joists of equal weight and similar lengths 
would support, vide, Fig. 43 ; the advantage is with steel for very 
short lengths, but becomes reversed as the slenderness ratio 
comes into play. 

Another interesting aspect of the peculiar properties of wood, 
ahich has come to light as a result of scientific testing of timber, 
is the effect of duration of loading. If a value of 100 is taken for 
the ultimate stresses for loads sustained over periods of 40 to 50 
years, for a period of one month the figure would be 130, for an 
hour over 160, for five seoonds nearly 200, and for impact loading 
260. Those results, compared with Bimilar data for other materials. 
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show timber to be partioolarlj suitable under short-time loading 
conditions, as in roof construction, towers, pylons, high single- 
storey buildings, of the hangar type, where the main problem is 
the accommodation of high wind loads for very short periods. 
Similarly, most floors, other than warehouse floors, are loaded to 



Fio. 43. — Strength propertirs of wood and stool ooinporod 

By fourti ^yoJP O ilfeee, Ean 

capacity only for brief periods, and this makes timber a particu- 
larly suitable material for floor construction. 

Analysis has confirmed the correct usage of timber by crafts- 
men, except for excessive generosity in sectional area of members. 
On the other hand, when steel became available its introduction 
into timber trusses for tension members, but not for the short 
members subjeeted to compression, was apparently at variance 
with correct usage, which suggests the retention of timber for 
tension members and their repteoement by steel for short, thick 
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oompreasion members. The reasons for the foregoing practaoe 
are bound up with the serious effect on tensile strength of knots, 
and the loss in strength that results from cutting away of timber 
to form joints. More recent developments have provided a 
sotution to both objections, namely stress grading, timber con- 
nectors, and modem adhesives. 


TIMBER CONNECTORS 

The ease with which timber can be fabricated has contributed 
enormously to its usefulness, but joints and fastenings have 
always been the weak link in timber construction. Many car- 
pentry joints necessitate reducing the cross section of a member, 
thereby reduring the strength appremably compared with the 
fuilii sectional area. ’Elaborate carpentry joints that reduced loss 
in strength of jointed members to a minimum were developed by 
our ancestors, but for most purposes these became altogether too 
expenmve when labomr costs began thdr upward trend after the 
Industrial Revolution. Instead, bolts, and sometimes only a few 
nails, replaced good practice, frequently with loss in strength, 
because there was no suit^Ie method available to replace the 
older empiricism. Simple bolt fastenings, although preferable to 
random nailing with an unspecified number of nails of inde- 
terminate quality, reduce the strength properties of each piece of 
wood by the amount of timber cut away to take the bolts. More- 
over, the strength of the joint is less than that of the bolt, as 
failure is generally induced cither by shear through the timber 
at the bolt-hole, or through crushing of the timber bearing on 
the bolt itself. 

The high stresses around the bolt-hole were early recognized 
to be a weak point of bolted joints : solutions were sought by 
means of bushings around the bolt, aimed at increasing the bear- 
ing area. Efforts made in this direction have given rise to modem 
rings, toothed plates, and variously shaped discs. 

An American patent was granted as early as 1889 for a toothed 
plate for joining timber, and it is recorded in the U.S. Deimrtment 
of Commerce bulletin. Modem conneetora for timber eonetruction 
(1933), that even earlier than this cast-iron rings were used in 
American bridge constmetion. The years 1916 to 1922 produced 
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urgent constmctionid problems that resulted in real progress 
being made in the evolution of suitable mechanical devices for 
improving timber joints, which are now generally referred to as 
timber connectors, although the majority are actually pieces of 
metal. Originating in Europe, modem timber connectors reached 
the n.S.A. in 1930, since when rapid advances have been made, 
and the scope for timber construction has been greatly widened. 

More than sixty different types of connectors have been 
patented in Europe, and in several cases U.S. patents have also 
been obtained. All embody the same principle, which is to 
increase the area over which the load at the joint is transmitted, 



thereby minimizing crushing of the timber by the bolt, and the 
tendency for shear failure at the bolt-hole. Connectors are, how- 
ever, conveniently divided into two general types : connectors 
stressed chiefly in shear, i.e., short dowels and auxiliary connectors 
other than dowels, and those that have to sustain a certain amount 
of bending in addition to shear, {.e., long bolts and dowels. 

The flrst timber connector was the Eiibler dowel (Fig. 44), 
evolved in Germany; appropriately enough, it was made of 
wood. The dowel itself, which was of hardwood, was doubly 
conical, being widest in the centre, and therefore at the point of 
contact of the two pieces of wood to be jointed ; it was bored 
longitudinally to receive a bolt. Both timbers had to be recessed 
to take the dowel, which necessitated much cutting to house the 
conical ends of the dowel satisfaotorily, and to secure a flush 
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bearing surface between the two members. The dowel, however, 
increased the bearing surface appreciably, compared with a single 
bolt, thereby reducing crushing of the timbers by the metal bolt. 

, The Kiibler dowel was later followed by a steel ring, working 
on the same principle, but weakening the timber less by reason 
of the small amount of cutting necessary for recessing a thin ring, 
compared with a thi<^, conical dowel. Moreover, cutting of the 
recess was greatly simplified and much less costly. About the 
same time 0. Theodorsen, of Oslo, patented the bulldog timber 
connector (Fig. 46), which, with slight modifications, is still widely 
used. The bulldog connector consists of a round or square steel 
plate, punched at the centre to take a bolt, and with the peri- 
meter turned alternately upwards and downwards to provide 
triangular teeth. The timbers to be jointed are bored to take a 
bolt, the connector is inserted between the two members, and the 
bolt slipped through. As the nut is tightened the teeth of the 
connector bite into the wood. It is a comparatively simple 
matter to tighten the bolt when the connector is used with soft- 
woods, but with hardwoods it is usually necessary to hammer the 
teeth of the connector into one of the timbers, and to use a bolt 
with a shank of high tensile steel that will permit of the nut being 
tightened while the teeth are pressed into the opposite member. 
Once drawn together, with the teeth of the connector ring em- 
bedded, the special bolt can be replaced by an ordinary one. 

Bolt fastenings of connectors are used in conjunction with 
lai^ metal washers or plates to prevent the bolt head or nut 
from pulling through the bolt-bole. Power-operated tools have 
been designed for cutting the special shaped recesses required 
for different connectors, and for boring the bolt-holes, which 
greatly facilitate the fitting of connectors. Power-operated 
assembly tools are available for further accelerating assembly of 
modem timber connectors. 

Connectors stressed chiefiy in shear come into one or other of 
the following categories : 

(1) Split rii^ connectors (Plate 62) fit into pre-cut grooves of 
opposing members, which in turn are drawn together by a centre 
bolt which is completely independent of the ring. 

(2) Toothed-ring connectors (Plate 63), the teeth of which 
are forced into the timber as the two members are drawn together 
by the securing bolt, which (as with the split ring connector) is 
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completely independent of the toothed ring. 

(3) Claw-plate connectors (Plate 64, fig. 1), a development 
of the bulldog connector, which fit into pre-cut recesses ; the claw 
plate has protruding teeth that are pressed further into the wood 
as the bolt is tightened. Claw plates are used singly in timber 
to metal joints, and in matched pairs — ^male and female claw 
plates — ^in wood-to-wood joints. In the Teco daw plates^ for 
timbcr-to-timber joints the outside huh (on the face opposite the 
teeth) of the male plate consists of a central boss that slips into 
the recess of the hub of the female plate. A large bolt fits the 



Fio. 46 - -Ubo of a Toco c lampinj; plate 

By eourteiy of thf Tmhn Engvnferxng Co 


hub snugly, the connector being flush with the adjacent suriaces 
of the members joined. 

(4) Shear plates (Plate 64, fig. 2) are also flush-fitting con- 
nectors for wood-to-wood or wood-to-metal joints. A circular 
recess, with a sunken margin, is cut in the timber (in both 
timbers for a wood-to-wood joint) to receho the shear plate, 
which consists of a circular steel disc, bored centrally to take 
a bolt and with a raised rim on one or both sides. The plate 
is tapped into place with a hammer, and the bolt dropped into 
position and .tightened. 

In the split ring and toothed-ring connectors the load is 
transmitted by shear, more or less indcj)endently of the bolt, 

^ Manufactured by the Timber Engmeormg Company, 1319 Eighteenth 
Street, N.W., Woahmgton, D.O. 
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whereas the daw-plate and diear-plate connectors are dependent 
on the bolt for transmitting load by shear from member to 
member. 

^ Other modifications of the bulldog connector on the market 
ate the Teco spike grids (Plate 66), and the Teoo clamping plates 
(Fig. 46) designed for special uses; the illustrations are self- 
explanatory. 

Connectors, other than nails and bolts, that have to sustain 
a certain amount of bending as well as shear are of two types. 
In the Meltzer steel tack, developed in 1610, several steel pins of 
small diameter replace a few large-diameter bolts. Holes of the 
exact diameter of the pins are drilled through the members to be 
joined, and the pins inserted ; the pins are without heads or 
nuts, friction being counted upon to hold members together. 
Meltzer joints of strength comparable to bolt joints effect appre- 
ciable savings in weight of metal used, the more numerous steel 
pins wcigliing half that of the requisite number of bolts. The 
second type is the Cabrul method employing a metal pipe. The 
joint is bored to take a hollow pipe, the ends of which ar^covered, 
after fixing, to exclude moisture. Metal bearing plates are used 
between the pipe and the wood-filler blocks that transmit the 
stresses to other pins. 

Scholten ^ has listed the principal advantages of coimector. 
joints, which may be summarized as follows : 

1. Kelativo high efficiency of joint compared with carpentry 
joint. 

2. Relatively simple and practical application. 

3. A minimum number of units or pieces to handle in the 
erection stages. (Compared witli single bolts there may 
be more pieces in the assembly stage when connectors are 
used.) 

4. Adaptability to prefabrication for subsequent field assembly 

6. Connectors give a better performance when used under 

adverse conditions than bolts or nails (water-proof glues 
may be superior). 

6. Improved appearance of connector joint over exposed metal 
strapping. 
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7. Gxeater file lesistanoe of oonneotora over Btrapping because 
embedment of oonnectora in wood reduces amount of metal 
e^HMed to fire tempraatures. 

On the debit side, the special tools required, preferably powe.:- 
operated, for cutting recesses for the split ring, claw-plate, shear- 
plate, and bulldog connectors, are a disadvantage in small jobs 
because of their cost. 

In evaluating the merits of connector joints it is desirable to 
compare the strength of such joints with the various alternative 
methods of metal fastenings. Reece ^ has done this, comparing 
the bearing strength in a simple double lap joint of Douglas fir, 
2 in. minimum thickness, provided by various types of fasten- 
ings. He foimd that equal bearing strength is provided by — 

Two 2| in. bolted split ring connectors 
‘Ten ( in. diameter bolts 
Eight 2 in. bolted hardwood dowels 
Eighteen ^ in. diameter wood screws 
Twenty-six | in. diameter wire nails 

Reduction in number of fastenings required effects consider- 
able saving in assembly costs, but, compared with nails, the 
advantage of connectors lies in the greater reliability with which 
• the strength of the joints can be determined. 

Working loads of connectors elude precise mathematical 
calculations, and have had to be built up from test data. The 
process has required accurate and comprehensive strength tests 
of actual joints, which have provided figures suitable, when 
modified by appropriate factors of safety, for use as safe working 
loads in constructional design. 

The evolution of a strong and reliable joint was responsible 
in itself for widening the scope of timber construction, by making 
possible designs that were quite impracticable so long as much 
weight was wasted in filmed members that could develop at the 
joints only a fraction of their overall strength properties. More- 
over, connectors permitted the use of many small-sized members, 
instead of a few large-dimension ones, greatly widening the field 
from which the taw material could be drawn, and, incidentally, 
the cost of the necessary timber. These facts, coupled with the 


* P. O. Beeee, loo. flA 
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eta of sdentifio inTestigation of the stieagth propwtieB of wood 
that resulted in the evolution of stiess grading, have transformed 
wood into a precision material that an engineer-designer can use 
as on alternative to steel or reinforced concrete. Often timber 
Will provide a better solution from the engineeiing standpoint, 
and invariably at less cost, in timber-producing countries. 


ADHESIVES 

* 

The most recent aid to the utilization of wood as an engineering 
material has come from developments in adhesives since 1930. 
Gluing of wood to wood has been practised since very early times, 
but modem glues are very different from the joiner’s glue-pot 
that has persisted, often in more senses than one, for hundreds 
of years. Even primitive glues, however, had a, considerable 
influence on the utilization of wood : the Egyptians practised 
marquetry with veneers of contrastingly-coloured woods around 
1600 B.o. The art of veneering was revived in the 17th and 18th 
centuries as a result of the invention of wood-cutting machinery : 
the first mechanically-operated saw came into use about 1650, 
a circular saw was patented in 1775, and a bandsaw in 1808. in 
1793, Sir Samuel Bentham patented a series .of wood-working 
machines, one of which was designed to produce veneers intended , 
for gluing together, and therefore heralding the product we now 
know as plywood. 

Veneering was an attempt to widen the decorative scope of 
natural wood, and not a resort adopted to cover up inferior 
materials or workmanship. Glue was an essential adjunct to 
this decorative use of wood, and the then existing glues were 
adequate for the purpose. Gluing for constructional ends was 
a much later development. Plywood as we know it today was 
initially developed for decorative ends, and was the outcome of 
improvements in machinery. In the first American patent taken 
out in 1868, however, specific mention is made of the improved 
strength properties of the resultant product, oompored with 
ordinary wood : 

“ The invention oonsists in cementing or otherwise fastening 
together a number of these * scales ’ ^ or sheets, with the grain of 

^ SoalM was the name to tho dieete of v anea r e 
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the successive pieces, or some of them, r unning crosswise or 
diversely from that of others. . . . The crossing or diversification 
of the direction of the grain is of great importance to impart 
strength and tenacity to the material, protect against splitting, 
and at the same time preserve it irom liability to expansion hr 
contraction.” ^ 

The use of plywood as a trade name for the material may be 
traced to the war years 1914-18. The earliest uses wore for 
furniture, and later joinery and packing-case material; its use 
for constructional purposes was dependent on the evolution of 
water-proof glues — synthetio resin products* — that made their 
appearance in 1930. ^vious to this, existing glues often secured, 
at least for a time, a bond between two timber surfaces equal to 
the cohesion of the cells in a piece of wood ; many glued panels of 
inadequately seasoned wood have split instead of separating along 
the glue line: The qualification “ for a time ” is, however, all- 
important ; it restricted the use of glued material constructionally. 

Kesearch into the properties of adhesives has been responsible 
for the strides made in recent years. Scientific investigation has 
established that adhesion between two solid bodies may be of two 
kinds : (1) natural or specific adhesion produced by molecular 
forces of the same kind as those holding together the molecules of 
any solid body, and (2) mechanical adhesion by the setting of an 
' adhesive that has obtained a key by filling crevices in two adjacent 
glued faces. The natural adhesion between two super-finished 
surfaces is of a very high order, e,g., the force required to separate 
two planes of gloss, when in contact, is in the region of 90 tons 
per square inch. 

Certaiu glues function in both ways, and with most modem 
glues the adhesive has a shearing strength greater than that of 
wood. There are additional factors that infiuence the strength of 
glued joints : firstly, the smoother prepared surfaces are made 
prior to gluing, the better will bo the results ; and secondly, with 
two surfaces offering the minimum rugosity, maximum joint 
strength is secured with the thinnest possible glue line. These 
findinga in keeping with the theory of natural or specific 
adhesion. If has, however, been established that in ^uing birch 
veneers with ^enolic glues penetration of the veneer by the 
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glue, and hence mechanical interlocking, does undoubtedly occur. 
The time-lag between preparing the surfiwea for gluing and 
completing the operation is also important, although the chemical 
and physical reasons for this are obscure. Veneers that have 
Uaen in stock for a considerabk period after finiBhing often yield 
bad joints, because the long-exposed surface fs-iU to accept the 
glue properly. This processing difficulty is known as case 
hardening ”, the term being used in a different sense from the 
stressed condition of timber that may occur in the course of 
seasoning (vide page 205). 

In the evaluation of joint strength it is particularly important 
to take into account the glue-line thickness. With special-purpose 
adhesives, satisfactory joints have been made between two sur- 
faces up to 0*06 in. apart, but the conditions prevailing in such 
gap joints, as they are called, are very variable and often quite 
impossible to predict. Crazing and discrete points of contact are 
defects to bo guarded against : selection of a suitable adhesive 
and attention to processing technique are important in such 
circumstances. • 

So long as the glue undergoes no change the strength of a glued 
joint tends to be governed today by the dimensions and physical 
properties of the wood used, and by the shape of the joint, rather 
than by the qualities of the particular glue selected, although, as 
has just been indicated, gluing technique is important. Glues* 
with the requisite initial strength have now been evolved that are 
also proof against damp, the ravages of micro-organisms, and the 
lapse of time : they are as stable and durable as the timbers they 
join. Not all modem glues possess these desirable characteristics, 
and of the most durable, which are phenol formaldehydes or 
derivatives or homologues of phenol reacted with suitable alde- 
hydes, some have the disadvantage of necessitating high tempera- 
tures and pressures to secure setting ; these requirements are 
impracticable in many gluing operations. 

Glues may be classified in the following categories : 

AwiTwnl glues : skin or hide glues, bone glue, extracted bone 
^ue, and rendered glue.--The adhesive in all oases is an organic 
substance called collagen. The merit of these glues is simplicity 
in use. Being subject to attack by micro-organisms, they lack 
durability, and lose their adhesive properties if exposed to dadip. 

Cwfein glofts ate derived from skimmed milk, the adhesive 
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beii^ a> protein product. To improve the water resistance of these 
glues it is now usual to add various compounds such as sodium 
and calcium hydroxides, sodium silicate, and certain copper salts. 
More recently, formaldehyde and urea have been added to give 
“ improved ” casein glues. The group generally has the merit of 
simplicity in use, good strength, and lasting qualities. The 
resistance and durability of properly mixed casein glues, properly 
applied to adequately prepared surfaces, are such as to justify 
the continued use of these glues for interior work. Exposure to 
damp is liable to cause chemical breakdown and bacterial attack, 
with consequent loss in strength of the glued joint. 

Heavy laminate structures, made up with casein glues, have, 
however, been used for exterior purposes with success over quite 
Icng periods. This must not be interpreted as justifying the use 
of casein-glued plywood for exterior sheathing under conditions of 
full exposure ‘to the weather : for such conditions even plywood 
bonded with the so-caUod water-proof glues is inadequate, and 
only genuine exterior grades should be employed. 

Extracted soya bean flour is another {notein glue of modern 
origin with similar properties and limitations to casein glue. 

Starch and soda silicate glues. — ^The basic ingredients are 
dry cassava flour, caustic soda, and water, to which may be added 
various chemicals to improve the low water resistance of this type 
•of glue. In the absence of damp conditions the adhesive qualities 
are good, but the glues are not suitable for brush spreading. 

Synthetic resin glues. — ^Phenolic and urea formaldehydes 
are at present leaders in the field of synthetic resin glues ; they 
usually require high temperatures and pressures to secure good 
bonding. Many modified products have been evolved, aimed at 
reducing the cost of these glues, which is relatively high, and over- 
coming the need for high temperatures and pressmes. Most of 
the modifications so far available are at the expense of extreme 
durability, resistance to damp, and bacterial action, and a wide 
range of temperatures : for the present the only absolutely 
reliable water-impervious glues are the derivatives of phenol. 
Already, however, several melamine glues have met the very 
stringent testh of BjS.I. 1203 and 1204 in regard to water resist- 
ance. 

There are other types of synthetio resin glues than the phenolic 
and urea fbrmaldehydee that may prove to be of high importance, 

X 
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but data from exposure tests of sufficient duration are not avail- 
able to permit of a final assessment of their true worth. For 
example, formvar, a derivative of polyvinyl alcohol, gives a joint 
strong enough to pass the A.I.D. Tost for propeller manufacture, 
^d polyvinyl acetate, and modifications of this, also give a range 
of useful adhesives. More recently, vinyl derivatives, used in 
association with synthetic and natural rubber lattices, have come 
to the fore. 

Modem glues have greatly increased the scope for wood, and 
laminate constmetion (gluing of relatively thin layers of wood 
together) and block boards (small cubes or rectangles of wood 
glued together) have entered many fields previously restricted to 
solid wood construction or alternative materials, proving them- 
selves superior and less costly. The next stage is built-up 
construction or glued laminated construction — combining 
laminations, adhesives, and connectors, which gives freedom to 
the designer, besides scope for using material that would otherwise 
be too small for structural purposes. Large spans can be bridged 
with built-up arches and ginlers much more satisfaeterily than 
with solid timber, and at considerable savings in cost, compared 
with steel or reinforced concrete. AU those developments have 
hinged on progressive improvement of glues. In Recce’s words : 
“ Gluing does for timber what welding does for steel ; it enables 
joints to be made without cutting any material out of the members* 
joined and makes it possible for the designer to take advantage of 
all the economies associated with monolithic construction 

Mention has already been made of the use of synthetic resins 
in a different capacity from that of adhesives in the popular sense 
(ride pages 106 and 245). Impregnation of wood with these pro- 
ducts, followed by the application of pressures of a high order, give 
a product with phenomenal strength properties. The resultant 
material is not, however, wood in the sense discussed here. It is 
conceivable that this improved wood may be used with untreated 
wood and laminated material to extend still further the scope of 
both in engineering construction. 

Summarizing the position : firstly, fundamental research into 
the strength properties of wood has pointed the way to rapid 
visual assessment of the strength properties of individual pieces of 
timber by means of stress-grading rules. This makes possible the 

* Lee. dt. 
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allocation cf safe working loads within narrow limits to each 
member oi a composite timber structure, thereby securmg the 
utmost economy in use of wood. In other words, timber becomes 
an sltematiTe to steel and concrete in engineering design : the 
special advantages of each for any particular problem can Ijo 
accurately weighed. Secondly, the development of timber con- 
nectors and modem adhesives overcome one of the major diffi- 
culties formerly inherent in timber construction, namely the 
weakness of tte joints or fastenings. Moreover, the modem 
methods of jointing give joints of calculable efficiency. 

The combination of the two factors referred to above has 
aheady resulted in great strides being made in the extended 
constructional use of wood. The future would appear to hinge on 
the problem of world timber supplies. If a permanent shortage of 
wood can be avoided the possibilities are immense. 
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NOTE ON DIFFERENTIAL OR ANISOTROPIC 
SWELLING AND SHRINKAGE OF WOOD 

by R. D. Pbbstok, D.So., Dept, of Botany, University of Leeds 

It is a commonplace that when green wood dries it shrinks, t.e., 
changes in dimensions, and it has long been known that the dimension 
changes involved are different in different directions in a wood 
specimen. Shrinkage is always least along the grain — seldom more 
than 1 per cent, from green to oven dry — and is always greatest 
across the grain in the tangential direction (of the order of 15 per 
cent.) and somewhat less (sometimes as low as 5 per cent.) in the 
radial direction. At first sight this large transveise shrinkage coupled 
with a small longitudinal shrinkage might seem natural in a material 
of this kind, built up as it is, in the main, of long narrow cells arranged 
with their lengths parallel to, and indeed forming, the grain. A little 
consideration, however, will show that the dimensions of the cells 
have no bearing on this phenomenon unless the walls themselves 
show swelling anisotropy. It is natural, therefore, that attempts 
made in recent years to define the factors involved in determining 
anisotropic shrinkage have centred around the structure of the walls 
of wood cells, so that in order to obtain a clear picture of the issues 
involved it is necessary first to glance briefly at the modem work on 
wall stmeture. 

It may be stated briefly that, while the non-cellulosic substances 
in wood walls have certainly a profound influence on the degree of 
swelling, the anisotropy itself is due solely to the presence of cellulose. 
It is now well known that this polysaccharide is composed of long 
molecular chains of )3-gluco8e residues bound together by primary 
valences (Fig. la) (suc^ as hold together the carbon atoms in diamond). 
These chains^ are very long, in a molecular sense, being probably 
2000 A ^ or more in length, depending on the source of the cellulose, 
as against some 5 A in width ; over certain regions of their length up 
to foo or more chains lie dose together, strictly parallel to each other 

lA» 1/105,000,000 csiru 
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aad spaced quite legolarlj, forming a small crystal or crystallite ** 
(the BO'called micelle) (Hg. 10) some 60 A in diameter and at least 
500 A long. The micelles are therefore linked by “ fringe ” fth«.ina 
which bridge the space (the so-called intermieellar apace) between 
dlicellcs. It need merely be added that the micelles tend to lie parallel 
to each other but never achieve accuracy in this respect — they have 
a preferred orietUation about which there is an angular diaperaion 
which undoubtedly varies from tree to tree, from one region to an- 
other within one tree, and indeed from cS}! to cell and within single 


I Coiluiost 
Fio. la 

Fia. la. — Stereochemical formula of part of a cellulose 
( ham showmjT foui p glucose residues jomed together 
lato a linear molecule The cham may be considered 
to run almost mdefimtely to left and right 


Fig. lb , — Diagrammatic representation of the ** micellar ** 
structure of cellulose. EaSfti line represents a cellu 
lose cham. Heavy Imos ** inicoliar ** and light lines 
** inteniiicellar regions. Chauis are shown ending 
in micelles though there is no denisive proof that 
they do so (after Mark) 


cells. In oven-dry wood the micelles lie as closely together as the 
loose chains between them will allow. Their surfaces bristle with 
~OH groups as do also the chains lying between them, and it is im- 
portant from the present point of view that these groups — the groups 
wliieh confer solubility upon glucose for instance — have a strong 
affinity for water. When water is available it is therefore attracted ” 
by the micelles, the process being far too complicated to discuss here 
in detail, moves in between the micelles, the micelles separate and the 
wood swells. It is clear, therefore, that since the mioelles are long 
and thin, so long that their ends (if any actually exist) can be ignen^ed, 
then a hypothetical block of cellulose in which the mioelles lie strictly 
parallel will undergo the greatest swelling in directions perpendictalar 
to the micelles’ length, and fail to swell at all paroUd to it. Beal 
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oeUtilose bwsUb in the direction of the preferred mientation only be* 
cause the micelles nevw lie strictly parallol to each other. The same 
oonsideratioiis in reverse clearly apply to shrinkage, so that anisotropy 
of swelUng sad shrinkage is thus to be interpreted in terms of on 
“ anisotropy ” of structure. 

The precise way in which the effect of structure comes to be 
expressed in wood, however, is still to seek, though the behaviour 
of isolated wood cells does seem intelligible to some extent from 
relatively simple considerationB. When wood cells are isolated 



(-) (i) 

Fig 2 — ^Diagraniiuatic roprcsentation of part of an olon^atfMl coll cut open 
longitudinally and laid out flat Thick lines -noimal cell , fhtn hni 9 — ( ell 
after deliv drat ion. The oblique Ime m each raso making an angle ff with 
th» longitudinal represents one complete turn of the Sjurab so that the 
length of roll illustrated c orresponds to its pitch 

(a) With the spiral winding constant in Icmgth the inclination of the 
spiial docreasos but its pitch mcreascs 

(b) If the length oi the spiral winding decreases also on dehydration, the 
inclination still decreases, but cell length may also docieabe 

chemically the walls consist almost solely of cellulose, and compli- 
cations due to the presence of lignin, which will be mentioned later, 
are therefore remov^. The structih^ of the wall is still rather com- 
plicated, but can be taken, as for as most physical properties are 
concerned, to consist of a series of micelles inclined at a common angle 
to the c^ length, forming, therefore, a spiral whose windings make 
some commem angle 0 to the cell length. If now, such a spirally 
wound cell shilhks in girth in such a way that the spiral winding 
itsefr (parallel to micelle length) does not shrink in length, then the 
apiial, and therefore the cell, elongate (Fig. 2 (a)), liiis is the 
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cdtuation oommonlj met with in rope. The fact that many wood 
cells do not elongate in this way is explained by the fact that the 
spiral winding, on account of the angular dispersion of the micelles, 
does shrink in length and, provided 0 is small enough, this shrinkage 
overrides the elongation due to girth decrease (Fig. 2 b). When 0»4O^, 
however, the two balance so that no change in length occurs, and if 
0>4O^ they do in fact elongate on drying. WThile, however, these 
simple concepts do give a satisfactory quantitative explanation of 
shrinkage anisotropy over a limited ^ang6^ of 0, they pr^ict at low 
values of 0 a longitudinal shrinkage which is greater than that observed, 
and at values of 0 much in excess of 40^ an elongation greater than 
that found in practice. Shrinkage even in isolated cells is much more 
complicated than this simple picture aDows and some of the com- 
plications undoubtedly involve a dependence of lateral swelling on 0 
(which will be mentioned later), a possible dependence of the angular 
dispersion on 0, and a change in dispersion on drying leading to 
extra dimension changes. 

Turning now to wood in bulk, a large volume of data has accumu- 
lated concerning the shrinkage properties of a number of species in 
samples taken from different parts of the bole, though ifluch of it 
refers only to softwoods Transverse shrinkage increases almost 
linearly with density, while longitudinal shrinkage decreases. Longi- 
tudinal shrinkage therefore commonly vanes inversely with lateral 
shrinkage. Considering first the longitudinal-transverse anisotropy, 
no adequate quantitative explanation has yet been formulated. Early 
attempts at explanations using relative swelling as a simple vector in 
terms of wall structure have been rejected on the valid grounds that 
swelling here cannot be treated in this simple way and leads to a 
picture of wall structure quite at variance with the facts There is, 
however, evidence that anisotropic shrinkage and swelling is closely 
bound up with the structure of the walls of wood cells as expressed 
by the angle 0 defined above (now, of course, the average over the 
cells constituting the specimen). It may, however, be pertinent to 
note the source of this evidence. The facts are that longitudinal 
shrinkage in blocks of wood containing rings near the pith is always 
higher than elsewhere in the wood and that the average spiral angle 
0 is always greater in these rings than elsewhere. Similarly, com- 
pression wood, in which the angle 0 is also unusually great, has 
correspondingly a high longitudinal shrinkage. In ixismon wood, 
however, where 0 is exceptionaUy small, longitudinal shrinkage is 
nevertheless rather high. It should therefore be noted that conditions 
here are not quite the same as those obtaining in the case of the 
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indiyidual cells discttssed above, where cells were chosen bom the 
same annual ring. Clearly, wood from different annual rings differs 
in other features as well as in S — density, perhaps lignin content and 
distribution, percentage of crystalline cellulose, etc. — and th^ 
factors may alter the swelling reactions very considerably. 

Not only, however, do the considerations put forward for individual 
cells fail to give a quantitative explanation for whole wood, but the 
run of the shrinkage with 0 is actually in the opposite direction from 
that found for cells — longitudinal shrinkage increases as 0 increases. 
In trying to resolve this peculiarity two considerations may first be 
borne m mind. Firstly, it has been found that in the whole wood 
shrinkage across the grain is itself correlated with 0, and, secondly, 
in intact wood, the outer wall layer is strongly resistant to swellu^ 
and shrinkage, partly due to its particular structure (which remains, 
of course, in isolated cells) but largely due to its high lignin content. 
This latter point explains why the ceU lumina in wood change very 
little in size on wetting or drying whereas in isolated cells the change 
is marked. These considerations can be added to those expressed 
above for single cells and stated mathematicaUy ; the result, however, 
still fails to give an explanation which is satisfactory even in a quali- 
tative sense except in so far as it does explain the relation between 
transverse shiinkage and density. 

Clearly, something quite fundamental is being overlooked and it 
does not seem likely that recent attempts to include the (undoubted) 
slight changes in angular dispersion which occur in shrinkage or 
swelling, hold any great promise. It seems, in fact, most likely that 
the clue lies in a most important and fundamental scries of papers 
discussing water sorption in wood largely from a thermodynamical 
point of view From this work it appears that the outer layer in the 
wood cell walls, which is most resistant to swelling and shrinkage, 
causes considerable stresses to be set up in the layers within as the 
wood is wetted or dried, and it is certain that these stresses must be 
taken into account in discussing dimension changes. Thus, in general, 
and somewhat crude terms, a swelling pressure set up in the swelling 
layer of each cell will cause corresponding elastic, or plastic, extension 
in the non-sweUing layer. At equilibrium, therefore, the swelling 
pressure is balanced longitudinally by the resistance of the outer 
layer to further elastic extension ; and since the tensile properties of 
this latter layer in this direction depend on its structure, we have 
both the presstM causing extension and the resistance opposing it, 
bot& functions of structure. The result might well be complicated. 

Finally, as regards anisotropy* in the transverse plane, again no 
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agreement has yet been reached. Here there are two poaaihilities ; 
either the mioroscoine atructure of the wood is the factor inrolyed or 
tile anisotropy is again due to the wall structure. Concerning the 
possibiUty, it was suggested a number of years ago that the 
jribenomenon was associated with the presence of vascular rays which, 
running radiaUy through the wood, might restrict swelling in this 
direction. Although doubt has been cast on this explanation on the 
grounds that the molecular struoture in ray cells, as determined in a 
very few species, is not such as to allow this restrictive influence, it 
does not seem advisable to dismiss it so lightly. In the second type 
of explanation it is pointed out that the radial wall of tracbeids is 
structurally different from the tangentud wall. Thus the fact that, 
even in the absence of pits, the structures are different has been used 
as a possible explanation, though this was later rejected in favour of 
a mechanism involving the middle lamella. More recently the presence 
of pits on radial walls only, with their disturbing influence on structure, 
has been used to explain the smaller radial shrinkage. It is not clear, 
however, that this can be accepted, since disturbance of molecular 
orientation would give a smaller lateral swelling only if tbe general 
spiral configuration of the tracbeids wore such as to gite lateral 
swelling higher than a certain minimum. If the spiral were fairly 
flat, then disturbances in structure caused by pitting might easily 
cause the swelling to be greatfr, not smaller, in the radial direction. 
Until this is looked for, and found, the idea remains only an interesting 
speculation. 
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LIST OF BOTANICAL EQUIVALENTS OF COMMON 
OR TRADE NAMES USED IN THE TEXT 

Note. — ^In many cases it is not possible to give a single botanical 
name because the latter is often applied to the timbers of more than 
one species or even genera ; such cases are given below as “ spp.”, 
no attempt being made to list all the species tnat may provide com- 
mercial supplies. 

abura^Jtftfragyna siiptUaaa Kuntze 
aLfAclia. - Afzdia spp 

aLgbu—Gosaweilerodendron balaamiferum Harms 
aAder —Alnue^glutinoaa Gaertn. 

American whitewood, see whitewood, American 
Apitong^ — Dipterocarpus spp. (Philippines) 
ash =^Fraxinii8 spp. 

ash, American = Fraxinus americana L., F. pennsylvanica var. lanceo^ 
lata Sarg., F, nigra Marsh, 
ash, European =» Fraxinus excelsior L. 
ash, mountain, see oaJc, Tasmanian 
balsa »0(Aro9?ia lagopus Sw. 
beech ^Fagus sylvatica L. 
birch ^Betula spp. 

blackwood, African » Dalbergia melanoxylon Guill. et Perr. 

blackwood, Australians Acacia melanoxylon B. Br. 

box. Cape » Buxus macowani Oliv. 

box, European s Buxus sempervirens L. 

boxwood, Ceylon ^Canthium dicoccum Merr. 

brush box *= Tristania conferta R. Br. 

camphorwood, Borneo, see kapur 

camphorwood, East African « Ocoica usambareasis Engl. 

camphorwood, Formosan »Cinnamomam camphora Nees et Eberm. 

Canary whitewood, see whitewood, American 

ceduT^Cedrus spp. 

cedar. Centra^ American •^Cedrda mexicana Roem. 

cedar, cigar-box^ m cedar. Central American 

ced^, South American ^Cedrda spp. including C. odonUa L. 

cedar, western nd^^Thuja plicata D. Don 

chengal •^Batanooarpus HeinUi Kin|r 
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dierry >■ JPrtmiM anAum L. 
dbestnut, American -Cornea dentoto Borkh. 
dhestnnt, sweet ^Caslanea aativa Mill, 
ooachwood ssCeroto^etoZam apeialum D. Don 
cornel, Turkish » Comtes sp. 
dahoma xPtp/ocIenta africana Hook. f. 
deal, Baltic, see redwood, European 
deal, red, see redwood, European 
Douglas fir »Psetedotote 0 a taxifolia Brit, 
ebony sDtosp^ros spp., MaJba spp. 
ekki — Lophira alata var. procera (A. Chev.) Burtt Davy 
elm s Vlmus spp. 

elm, common « Vlmus procera Salisb. 

elm, Dutch » Vlmus hollarulica var. major Behd. 

elm, European Vlmus procera Salisb. 

elm, wych » Vlmus glabra Hudson (non Miller) 

fir « Abies spp. 

fir, Douglas, see Douglas fir 

fir, noble»A 6 ies nobilis Lindl. 

fir, silver = Abies alba Mill. 

gaboon »Atecoumea klaineana Pierre 

gedu nohor ^Eniaridrophragma avgolense C. DC. 

greenheart ^Ocotea rodiaet 

guarea oCtearea cedrata Pellegr., O. Thompsonii Sprague et Hutch. 

guarea, scented »0iearea cedraia Pellegr. 

gum, American red^lAquidambar siyracijlua L. 

gum, spotted ^Eticalyptus macuUUa Hook, and E. edriodora Hook. 

garjun^Dipterocarpus spp. (Andamans, Burma) 

hazel «roryj[tes avdlana L. 

hemlock » Tsuga spp. 

hemlock, eastern « Tsuga canadensis Carr. 

hemlock, western Tsuga heterophylla Sarg. 

hidrory »Cafya spp, (syn. ^Hicoria spp.) 

holly, American opam Ait. 

holly, European aquifolium L. 

hornbeam «Carptntis betulus L. 

idigho ^Terminalia ivorensis A. Chev. 

iroko^CKlorophora excelsa Benth, et Hook. f. 

ironhark’^ Eucalyptus crebra F. v. M., E, panicvlata Sm., £7. sideropKlaia 
Benth., F. sUteroxyUm A. Conn., E.fergusoni B. T. Bak« 
ironbark, grey, see ironbark 
jarrah ••Euoalypius marginaia Snu 
jelutong costulata Hook, £. 
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lobpur-Dfyobafamo^ I. (Malaya), DryOalanopa spp. 

(Borneo, Sarawak) 

krfedang » Artoearpua laneeifcliits Roxb. 
kempas ^Koompcbeaia maiacceiMiB Maing. ex Benth. 
keranji"«DiaIfim spp. 

keruing ^IHf^OMrpus spp. (Malaya, Borneo) 
kokrodua-British Standard name afirormosia »A/rormona sp 
larch ^Larix spp. 

larch, European nXanx decidua Mill. 

lauan spp., Peniacme spp., Parashorea spp. (Philippines) 

lauan, dark red, see lauan 
lauan, light red, see lauan 

lignum vitae «Guaiacttm officiuak L., O. sanctum L. 
lime » Tilia vulgaris Hayne 
logwood »J7aematoa^2o» campeehianum L. 
mahogany «S^tiae^»a spp. 

mahogany, African -«XAaya ivorensis A. Chev., K. grandifcluda C. DC., 
X. arUhotheca C. DC. 

mahogany, Central American =iSts»e<enta macrophylla King 
mahogany, cherry, see makor4 
mahogany, Cuban njSfunetema mahagoni Jacq. 
mahogany, Gaboon, see gaboon 

mahogany, Honduras, see mahogany. Central American 
mahogany, Philippine, see lauan 
, mahogany, sapele, see sapele 
mahogany, Spanish, see mahogany, Cuban 
makor^ajftmtespps heckdti (A. Chev) Hutch et Dalz. 
mansoniaaJfansonia aUissima A. Chev. 
maple a Acer spp. 

maple, Pacifica Acer maerophyllum Pursh 

maple, Queensland a X{{ndersia brayleyana F.v.M, F, pimentdtana 
P.v.M. 

maple, rock ••Acer saccharum Marsh (principally) 

mdAYnB^iOonystylus vHirburgianua Oilg. 

merantiaiSkorea spp. (Malaya, Sarawak) 

meranti, reA^Shorea spp. (Malaya, Sarawak) 

meranti, white afiftorea spp. section AnthosJiorea Brandis (Malaya) 

meranti, yellow ••Shorea spp. section Rvchetia 

merban a/nMa pcdeimltHmioa Baker 

mersawa •mAnisap/tera spp. (Malaya) 

moiftitain adi, see oak, Tasmanian 

mujua AMoatd congensis En^. . 

muxAaga ^Pteroearpus angcknsis DO. 
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oak-iQitefetw spp. 

oak, American red ^QtteretM rtUmt var. pagodaefolia Ashe, Q. borealia 
IlGchx. f., Q. borealia var. maxima Sarg., Q. fakata Michx., 
Q. ehumardii Bnckl. 

o&, American white ^Quercus alba L., Q. montma WiDd.» Q. lyrata 
Walt., Q. printLs L, 
oak, Australian, see oak, Tasmanian 

oak, Australian silky « Cardwdlia sublimis F. v. M., OreviUea robu^ 
A. Cunn. 

oak, Austrian, see oak, European 
oak, English, see oak, Eurojican 
oak, European a Quercfis rohur L., Q. petra(a Liebl. 
oak, Tasmanian giganlea Hook, f., £. obliqua L’Herit., 

E. regnans F. v. M. 
oak, Turkey »Quercus cems L. 
obeche » TriplochiUm schroxylon K. Sebum, 
olive. East African hochsietteri Bak. 
opepe-Sarcocephalua diderrichit De Wild, 
poor ^Pyrus communis L. 
peroha, ^Aspidosperma spp. 
persimmon ~ Diospyros virginiana L. 
pine, Columbian, see Douglas fir 
pine, Corsican = Pmae mgra var. calnhrica Schneid. 
pine, long-leaf pitch » Pinua ecliinata Mill., P. palvstris Mill., and 
P. faeda L. 

pine, maritime » Pinna pinaster Ait. 

pine, Oregon, see Douglas fir 

pine, pitch, see pine, long-leaf [utch 

pine, Scots sPinue sylveslris L. 

pine, white, see pine, yellow 

pine, yellow = Pinna strobvs L. 

poplar = Populus spp. 

poplar, black » Popvlva nigra L. 

poplar, black Italian ~ Po2Uf2iie scroti na (Hybrid) 

poplar, Canadian » Populus tacamahaca Mill., P. grandidenUUa Michx. 

poplar, grey « Populus canxacens Rm. 

poplar, white » Populus alba L. 

punah » Tetramerista glabra Miq. 

purpleheart » Psltogyne spp. 

redwood, see redwood, European and sequoia 

redwood, Baltic, see redwood, European 

redwood, Californian, see sequoia 

redwood, European -Piatce sylveslris L. 
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redwood, Kara, aee redwood, European 
rengas ^Mdanorrhoea spp. 
resak » VaUca, spp. Cotyldobium spp. (Malaya) 
robinia » BMnia pseudoacacia L. 
rosewood, Indian »J[>aI&er(;ta lalifolia Boxb. 
sandalwood album L. 

Bapele»£ntondropAra(;fiiia cylindricum Sprague and ErUandro^ragma 
spp. 

satin walnut, see gum, American red 

satinwood, East Indian — Chloroxylon swieienia DC. 

satinwood. West Indian =» Fagaraflava Krug. 

flopul = Parishia spp. 

sequoia sempervirens Endl. 

seraya— /S i A orca spp., Parashorea spp. (Borneo) 

scraya, Borneo white -ParosAor^a spp. 

seraya, white —/SAorcu spp., Parashorea spp. (Borneo) 

siieczewood ^JPtaeioxyloa oldiquurn (Thunb.) Radik. 

spotted gum, see gum, spotted 

spruce = Picea spp. 

spruce, Canadian « Pirca glauca Voss, (principally) 

spruce, European == Picea abies Karst. 

spruce, Norway, see spruce, European 

spruce, Sitka = Pirm sitchensis Carr. 

swamp gum, see oak, Tasmanian 

sycamore ^Acer pseudoplaiaitus L. 

tali ^Erylhrojihleum gvineense G. Don. & E ivorense A. Chev, 
tallowwood = Eucalyptus microcorys F. v. M. 

Tasmanian oak, see oak, Tasmanian 
teak « Tectona grandis L. f . 
tembusu ^Fagraea gigaviea Bidl. 
terentang —Gamnospema spp. 
tulip poplar, see whitowood, American 
tulip tree, see whitewood, American 
turpentine —/S^ncarpia laurifolia Ten. 
walnut spp. 

walnut, African «Z/Ovoa hlaineana Pierre ex Sprague 
walnut, Australian, see walnut, Queensland 
walnut, Nigerian, see walnut, African 
walnut, Queensland paltnersUmn C. T. White 

whitewood a Ptced aJbies Karst, and Abies alba Mill, 
whikswood, American a Xinodendron tulipifera L. 
whitewood, canary, see whitewood, American 
willow ^Saliz spp. 
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willow, crack — iSo/ix /rcK^Zis 

willow, cricket l>at ^ScUisc alba var. caeruiea Sm* 
willow, wkite •^Sal%je alba L., S. vtridis Pr. 
yang » £lij>terocarpu^ spp. (Siam) 
yellow poplar, see wHitewood, American 
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LIST OP THE COMMONER HARDWOOD TREE GENERA 
WITH THE FAMILIES TO WHICH THEY BELONG 

Note. — ^Where possible the families given are for the most part 
those recognized by Hutchinson. 


Acacia — Loguminosae 
Acalypha — Euphorbiaceae 
Acanthopanax — Araliaceae 
Acer — Aceraceae 
Achras — Sapotaceae 
Acioa — Rosaccao 
Ackama — Cunoniaceae 
Aoradenia — Ruiaceae 
Acrocarpus — Leguminosae 
Acrodiclidium — Lauraceae 
Acronychia — Rutaceae 
Actinodaphne — Lauraceae 
* Adenanthera — Leguminosae 
Adenodolichos — Leguminosae 
Adina — Rubiaceae 
Adinandra — Theaceae 
Adinobotrys — Millettia 
Adiscanthus — Rutaceae 
Aegiceras — Myrsinaceae 
A(^le — Rutaceae 
Aesculus — Sapindaceae or 
Hippocastanaceae 
Aextoxicum — Euphorbiaceae 
Afraegle — Rutaceae 
Afrolicania — Roaaceae 
Afrormosia — ^ Leguminosae 
Afzdia — Le^jjninosae 
Agauria — Ericaceae 
Ag^biea — Connaraceae 
Aglaia — Mdiaceae 
Agoaandra — Opiliaoeae 


Agrostistachys — Euphorbiaceae 
Ailanthus — Simaroubaceae 
Alangium — Alangiaeeae 
Albizzia — Leguminosae 
Alchornea — Euphorbiaceae 
Alchorneopsis — Euphorbiaceae 
Aleurites — Euphorbiaceae 
Alfaroa — J uglandaceae 
Allantoma — Lecythidaoeae 
Allophylus — Sapindaceae 
AlnuB — Betulaceae 
Alphitonia — Rhamuaoeae 
Alphonsea — Annonacoae 
Alseodaphne — Lauraceae 
Alstonia — Apocynaceae 
Altingia — Hamamelidaoeae 
Amanoa — Euphorbiaceae 
Amblygonocarpus — Leguminosae 
Amoora — Meliaeeae 
Ampelozizyphus — Rhamnaceae 
Amphimas— Leguminosae 
Amyiis — Burseraceae 
Anacardium — Anacardiaceae 
Anacolosa — Olacaceae 
Anaphalis — Compositae 
Andira — Leguminosae 
Aneulophus — Erythioxylaceae 
Angelesia — Rosaceae 
Angophora — Myrtaceae 
Angylocalyz — Leguminosae 
Aniba — Lauraceae 


y 
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Anitophyllea — Bhizophoraoeaa 
Anisoptera — Dipterocarpaceae 
Annealea — Theaoeae 
Annona — Annonaoeae 
ifiiodopetalum — Gimoniaceae 
Anogeissus — Combretaoeae 
Anona,^ see Annona 
Anonidiiun — Annonaoeae 
AnopjrziB — Bhizophoraccae 
Anthooephalus — Bubiaceae 
Anthodeista — Loganiaceae 
Anthostema — Euphorbiaceae 
Antiaris — Moraceae 
Antidesma — Euphorbiaceae 
Antrocaryon — Anacardiaceae 
Apeiba — Tiliaceae 
Aphanamizis — Meliaooae 
Aphananthe — Ulmaceae 
Aphania — Sapindaceae 
Apodytes — Icacinaceae 
Aporosa — Euphorbiaceae 
Aporosella — Euphorbiaceae 
Apoirhiza — Sapindaceae 
Apuleia — Leguminosae 
Aquilaria — Thymelaeaeeae 
Andia — Araliaceae 
Arbutus — Ericaceae 
Archytaea — Theaoeae 
Ardisia — Myrsinaceae 
Aramadendranj sec Talauma 
Artabotrys — Annonaoeae 
Arthrophyllum — Araliaceae 
Artocarpus — Moraceae 
Arytera — Sapindaceae 
Aspidosperma — Apocynaooao 
Asteropeia — Theaoeae or Elaoour- 
tiaceae 

Astronium — Anacardiaceae 


Aulacocalyx Bubiaoeae 
Auxemma — Boraginaceae 
Averrhoa — Ozalidaceae 
Avioennia — Verbenaoeae 
Azinandra — Lythraceae 
Azadirachia — Meliaceae 
Azara — Flacourtiaceae 
Bacoauiea — Euphorbiaceae 
Back&ousia — Myrtaoeae 
Bagassa — Moraceae 
Baikiaea — Leguminosae 
Balanites — Simaroubacoae 
Balanocarpus — Dipterocarpaceae 
Balfourodendron — Rutaoeae 
Baloghia — Euphorbiaceae 
Banara — Flacourtiaceae 
Banksia — Froteaceae 
Baphia — Leguminosae 
Barringtonia — Lecythidaceae 
Barteria — Passiflorad^ 
Barylucuma — Sapotaceoe 
Bassia — Sapotaceae 
Bauhinia — Leguminosae 
Bedfoidia — Compositae 
Beilschmiedia — Lauraceae 
Belangera — Cunoniaceae 
Belendta — Capparidaceae 
Bellota — Lauraceae 
Bellucia — Melastomaceae 
Bennettia — Flacourtiace«ie 
Bergsmia — Flacourtiaceae 
Berlinia — Leguminosae 
Bemouillia — Bombacaceae 
Berria^ see Benya 
Berrya — Tiliaceae 
Bersama — Melianthaoeao 
Bertholletia — Lecythidaceae 
Betula — Betulaceae 
Bischofia — Euphoroiaceae 


Atherosperma — Monimiaceae 
Auooumea — Burseraoeae | Biza — Bizaoeae 

Aucuba — Comaoeae | Blepharocaiya — AnacardiaoAe 

^ Anona and henoe Anonaoeae is preferred by some botanists to Annona and 
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Blumeodaodron — Euphorbiaoeae 
Bombaoopiis — Bombacaceae 
Bombax Bombacaceae 
Bosohia — * Bombacaceae 
Boada — Capparidaoeae 
Bosquiea — Moraoeae 
Boswellia — Burseraoeae 
Bouea — Anacardiaoeae 
BmgainvUiUxm^ see Buginvillaea 
Bowdichia — Leguminosae 
Brachylaena — Compositae 
Brachystegia — Leguminosae 
Bravaisia — Acanthaceae 
Bridelia — Euphorbiaoeae 
Brieya — Annonaceae 
Brosimopsis — Moraceae 
Brosimum — Moraceae 
BrousHonetia — Moraceae 
Bruguiera — Khizophoraceae 
Bruinsimia — Styracaceae 
Brya — Leguminosae 
Buchanania — Anacardiaccae 
Buchenavia — Combretaoeae 
Buchliolzia — Capparidaoeae 
Budda — Combretaoeae 
Bucklandia — Hamamelidaceae 
Buginvillaea — Nyctaginaceae 
Bulnesia — Zygophyllaoeae 
Bumelia — Sapotaoeae 
Burkea — Leguminosae 
Bursera — Burseraoeae 
Bussea — Leguminosae 
Butryospermum — Sapotaoeae 
Buxus — Buxaoeao 
Byrsonima — Malpighiaceae 
Cabralea — Meliaceae 
Gadaba Capparidaoeae 
Oaesalpinia -A. Leguminosae 
Calatola — loadbiaoeae 
CalBiduvia — Cunoniaoeae 
CaJderonia — Bubiaoeae 
Calliooma — Ounoniaceae 


saa 

Callistermon — Myrtaoeae 
Callisthene — VocAysiaoeae 
Galocarpum — Sapotaoeae 
Calonooba — Flacourtiaceae 
Calophyllum — Guttiferae 
Galpocalyx — Leguminosae 
Calycogonium — Melastomaceae 
Calycophyllum — Bubiaoeae 
Campnosperma — Anaoardiaceae 
Canangium — Annonaceae 
Canarium Burseraoeae 
Canella — Canellaceae 
Canthium — Bubiaoeae 
Cantleya — Icacinaoeae 
Capparis — Capparidaoeae 
Caraipa — Guttiferae or Thcaueae 
Carallia — Bhizophoraoeae 
Carapa — Meliac^eae 
Cardwellia — l^oteai^eae 
Careya — Lccythidaceae 
Cariniana — Lecythidaocae 
Camarvonia — Proteaoeae 
Carpinus — Betulaoeae 
CWpolobia — Polygalaceae 
Carpotroche — Flacourtiaceae 
Carya — Juglandaceae 
Caryocar — Coryocaraoeae 
Casearia, see Gossypiospeimum 
Cassia — Leguminosae 
Cassine — Celastraceae 
Cassipourea — Bhizophoraoeae 
Castanea — Fagaceae 
Castanopsis — Fagaceae 
Castanospermum — Leguminosae 
'Castanospora — Sapindaceae 
Castilla — Moraceae 
Casuarina — Casuarinaceae 
Catalpa — Bignoniaoeae 
Cathormion — Leguminosae 
Cavanillesia — Bombacaceae 
CeanoOhua^ see Zizyphus 
Oecropia — Moraoeae 
Gedrela — Meliaceae 
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Cdba — Bombacaoeaa 
Oelastras — Celastraoeae 
Odtifl — IJlmaoeae 
Gentarolobium — L^guminosae 
O^balosphaera — Myristicaceae 
Ceratopetalum — Cimbniaceae 
Gerbera — Apocynaceae 
CereuB — Gactaceae 
Geriops — Bhizophoraoeae 
Gesp^esia — Ochnaceae 
Ghaetachne — Ulmaccae 
Ghaetocarpua — Euphorbiaceae 
Ghampereia — Opiliaoeae 
Ghaunochiton — Olacaoeae 
Gheilosa — Euphorbiaceae 
Gheirodendron — Araliaoeae 
Ghenolea — Ghenopodiaceae 
Chichraasia, see Chukrasia 
Ghidlowia — Leguminosae 
GhilopaiB — Bignoniaoeae 
ChionanJlhu8i see linociera 
Ghisooheton — Meliaceae 
Ghlorophora — Moraceae , 
Ghlorozylon — Butaceae or 
Meliaoeae 

Ghorisia — Bombacaceae 
Ghromolucuma — Sapotaoeae 
Ghrysobalanus — Bosaoeae 
Ghrysophyllum — Sapotaoeae 
Ghukrasia — Meliaceae 
Ghydenanthus — Lecythidaceae 
Ghjiranthus — Sapindaceae 
Ghytroma — Lecythidaceae 
Giimamodendron — Ganellaceae 
Ginnamomum — Lauraceae 
Ginnamosma — Ganellaceae 
Gistanthera — Tihaoeae 
Citharezylum — Verbenaceae 
OitroB — Butaceae 
Glarisia — Moraceae 
Glausena — Butaceae 
deidkMti — Euphorbiaoeae 
COeiatanthuB — Euphorbiaoeae 


deiatopholia — Annonaoeae 
Glusia — Quttif erae 
Goccoceras — Euphorbiaoeae 
Goccoloba — Polygonaoeae 
Cocedobia^ see GoOooloba 
Gochlospermum — Bixaceae 
Godooaryon — Myristicaceae 
Goelostbgia — Bombacaceae 
Coilea’ — Bubiaceae 
Gola — Sterculiaceae 
CoUetia — Bhamnaoeae 
Golubrina — Bhamnaoeae 
Columbia — Tiliaceae 
Gombretocarpus — Bhizopbora- 
ceae 

Gombretodendron — Lecythi- 
daceae or Gombretaceae 
Combretum — Gombretaceae 
Commersonia — Sterculiaceae 
Commiphora — Burserttoeae 
Gomocladia — Anacardiaoeao 
Compsoneura — M^^Tisticaceae 
Gondalia — Bhamnaoeae 
Connaropsis — Oxalidaceae 
Conocarpus — Gombretaceae 
Conomorpha — Myrsinaceae 
Conopharyngia — Apocjmaceae 
Copaifera — Leguminosae 
Cordia — Boraginaceae 
Cordyla — Leguminosae 
Cornua — Gomaceae 
Corylus — Gorylaceae or Betula- 
oeae 

Corynanthe — Bubiaceae 
Gotinus — Anacardiaoeae 
Gotyldobium — Dipterocarpaoeae 
Couepia — Bosaceae 
Coula — Olacaoeae 
Gouma — Apocynaceae 
Gouratari — Lecythidaceae 
Couroupita — Lecythidaceae 
Coussapoa — Moraceae 
Crataegus — Bosaceae 
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Grataava — Capparidaoeae 
Grato:]^lo]i — Guttiferae 
(^esoentia — Bignoniaoeae 
Grossopteryx — Bubiaceae 
Grossostylis — Rhizophoraccae 
Croton — Euphorbiaceae 
Gmdia — Leguminosae 
Grypteronia — Crypteroniaceae 
Gi^tocarya — Lauraceae 
, Ctenolophon — Lmaceae or 01a- 
caceae 

Oudrania — Moraceao 
Cunonia — Cunoniaoeao 
Guratella — Dilleniaceae 
Curtisia — Comaceae 
CuBsonia — Araliaceae 
Cyathocalyx ~ Annonaceae 
C^bianthus — Myrsinaoeae 
Cyclostemon — Euphorbiaceae 
C^lioodiscuB — LeguminoBae 
Gynometra Leguminosae 
Dacryodes — Burseraceae 
Dalbergia — Leguminosae 
Balbergiella — Leguminosae 
. Daniella — Leguminosae 
Daphnandra — Monimiaceae 
Daphniphyllum — Euphorbiaceae 
Daphnopsis — Thymelaeaceae i 

Dehaasia — Lauraceae I 

DeinboUia — Sapindaceae 
Dennettia — Annonaceae 
Deplanchea — Bignoniaoeae 
Denis — Leguminosae 
Desbordesia — Simaroubaceae 
Desmostachys — Icacinaceae 
Desplatzia — Tiliaceae 
Detarinm — LeguminoBae 
Dialium ^ Leguminosae 
DiaJyanthera^ Uyristicaoeae 
Diohrostaohya Leguminosae 
DIoArynia — Leguminosae 
Dicranolepis — Thymelaeaoeae 
Diofyandra — Bubiaceae j 


Did^otia — Leguminosae 
Didymopanax — Araliaoeae 
DOlenia — Dilleniaceae 
DUodendron — Sapindaceae 
Dimorphandra — Leguminosae 
Dimorphocalyx — Euphorbiaceae 
Diospyros — Ebenaoeae 
Diphysa — Leguminosae 
Diplodiscus — Tiliaceae 
Diploglottis — Sapindaceae 
Diplospora — Bubiaceae 
Diplotropis — Leguminosae 
Dipterooarpus — Dipterocar- 
paceae 

Dipteryx — Leguminosae 
Dirca — Thymelaeaceae 
Discaria — Bhamnaceae 
Diseoglypremna — Euphorbia- 
oeae 

Discophora — Icacinaceae 
Dissomeria — Flacourtiaceac or 
Samydaceae 

Distemonanthus — leguminosae 
Dodonaea — Sapindaceae 
Doerpfeldia — Rhamnaocae 
Dolichandrone ~ Bignoniaoeae 
Dombeya — Sterculiaceae 
Doona — Dipterocarpaceae 
Dorpyhora — Monimiaceae 
Dracontomelum — Anacardiaceae 
Dropananthus — Annonaceae 
Drimycarpus — Anacardiaceae 
Drimys — Magnoliaocae 
Dryobalanops — Dipterocar- 
paceae 

Drypetes — Euphorbiaceae 
Duabanga — Sonneratiaceae 
Duboscia — Tiliaceae 
Duguetia — Annonaceae 
Durio — Bombacaoeae 
Dyera — Apocynaceae 
Dysoxylum — Meliaoeae 
Eohinocarpus — Elaeocarpaoeae 
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Echiochilon — Boraginaoeae 
Eohiroepermum — Legiiminosae 
Ehretia — Boraginaoeae 
Ekebergia — Mieliaoeae 
ifiaeocarpus — Elaeocarpaceae 
Elaeodendron — Celastraceae 
Elaeophorbia — Euphorbiaoeae 
Elateiiospermum — Euphorbia* 
oeae 

Emblica — Euphorbiaoeae 
Embothrium — Proteaceae 
Enantia — Annonaoeae 
Endiandra — Lauraceae 
Endospcrmum — Euphorbiaoeae 
Bngelhardtia — Juglandaoeae 
Enioosanthum — Annonaoeae 
Entada — Leguminosae 
Entandrophragma — Meliaceae 
Enterolobium — Leguminosae 
Eperua — Leguminosae 
Eremophila — Myoporaceae 
Eriobotrya — Rosaceae 
Eriocoelum — Sapindaceae * 
Eriadendron, see Geiba 
Erioglossum — Sapindaceae 
Erisma — Vochysiaceae 
Ervatamia — Apocynaoeae 
Erythrina — Leguminosae 
Erythrophloeum — Leguminosae 
Ery thropsis — Sterouliaoeae 
Erythroxylon, see Erythroxylum 
Erythroxylum — Ery throxylaoeae 
Eschweilera — Lecythidaoeae 
Esenbeokia — Rutaoeae 
Eucalyptus — Myrtaoeae 
Eucryphia — Euoryphiaceae or 
Bosaoeae 

Eugenia — Myrtaceae 
Euonymua — Oelastraoeae 
Bupatorium — Compositae 
Euphorbia — Euphorbiaoeae 
Euroeohinus — Anaoardiaoeae 
Buxya — Theaoeoe 


Eumderoxylon — Lauraoeae 
Euxylophora — Rutaoeae 
Evodia — Rutaoeae 
Evonymua, see Euonymus 
Exandra — Rubikoeae 
Exooecaria — Euphorbiaoeae 
Exocarpus — Santalaoeae 
Eysenhardtia — Leguminosae 
Fagark — Rutaoeae 
Fagraea — Loganiaoeae 
Fagus — Fagaceae 
Faurea — Proteaceae 
Fegimanra — Anaoardiaoeae 
Ferolia — Bosaoeae 
Fcrreirea — Leguminosae 
Ficus — Moraceae 
Fillaeopsis — Legunlinosae 
Firmiana — Sterouliaoeae 
Flacourtia — Flacourtiaocae 
Flindersia — Rutacea^or Molia- 
ceae 

Fliiggea — Euphorbiaoeae 
Foetidia — Lecythidaoeae 
Fontaneeda — Oleaoeae 
Forsythia — Oleaoeae 
Fraxinus — Oleaoeae 
Funif era — Thymelaeaceao 
Funtumia — Apocynaoeae 
Fusanus — Santalaoeae 
Gaertnera — Logamaoeae 
Gallesia — Phytolacoaoeae 
GanophyUum — Sapindaceae 
Ganua — Sapotaoeae 
Garcinia — Quttif erae 
Gardenia — Bubiaoeae 
Garuga — Burseraoeae 
Geasonia — Bubiaoeae 
Qeijera — Rutaoeae 
Geteois — Gunoniadtee 
Qenipa — * Bubiaoeae 
Qilibertia — Araliaoeae 
GledUachiap see Qleditsia 
f Qleditsia — Leguminosae 
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Olodddion — Euphorbiaoeae 
Gluema — Sapotaoeae 
Gluta — Anacardiaoeae 
Glyooamis Butaoeae 
Glycozylon — Sapotaceae 
Glyphaea — Tiliaceae 
Gxndina — Verbenaceae 
Gochnatia — Compositae 
Goddinia — Lecythidaceae 
, Oomphia, see Ouratea 
Gonioma — Apocsmaceae 
Gonystylus — Gonystylaceae 
Gordonia — Theaeeae 
Gossweilerodendron — Legu- 
minosae 

Gossypiospermum — Flacourtia- 
ceae • 

Goupia — Goupiaceae 
Grevillea — l*roteaceae 
Grewia — Tiliaceae 
Grias — Lecythidaceae 
Guaiacum — Zygophyllaceae 
Guarea — Meliaceae 
Guatteria — Annonaceae 
. Ouazuma — StercuUaceae 
Guettarda — Bubiaceae 
Guevina — Proteaceae 
Guiera — Gombretaoeae 
Guioa — Sapindaoeae 
Gustayia — Lecythidaceae 
Gyminda — Cel^traoeae 
Gymnaeranthera — Myristicaceae 
Gymnanthes — Euphorbiaoeae 
Gymnodadus — Leguxninosae 
Gymnosporia — Celastraceae 
Gynocar^ — Ilaoourtiaceae 
Gynotroches — Bhizophoraceae 
Gyrauthenra — Bombacaoeae 
Qyrocarpus Bemandiaoeae 
Haematoxylon ^ T.i<^mino8ae 
Hakea — Proteaceae 
Halfocdia — Butaceae 
Hdpxylon Cbenopodiaoeae 


Hamamdis — Hamamelidaceae 
Hampea — Bombacaceae 
Hanoomia — Apocynaoeae 
Hannoa — Simaroubaceae 
Haploclathra — Guttiferae ' 
Haplormosia — Leguminosae 
Hardwickia — Leguminosae 
Harmandia — Olacaceae 
HarpuUia — Sapindaoeae 
Harungana — Hypcricaceae 
Ilasseltia 7 - Flacourtiaceao 
Hcdera — Araliaceao 
Hedwigia — Burseraceae 
Hedycarya — Monimiaceoe 
Heeria — Anaoardiaceae 
Heinsia — Bubiaceae 
Hcisteria — Olacaceae 
Hclicia — Proteaceae 
Helicostylis — Moraceae 
Helietta — Butaceae 
Heliooarpus — Tiliaceae 
Heliotrium — Boraginaceae 
Hennecartia — Monimiaceae 
Henoonia — SaxK>taceae 
Henriettdla — Melastomaceao 
Heritiera — Sterculiaceae 
Hemandia — Hemandiaoeae 
Heterodendron — Sapindaoeae 
Heterophragma — Bignoniaceae 
Heterotrichum — Mdastomaceae 
Hevea — Euphorbiaoeae 
Hexalobus — Annonaceae 
Hibiscus — Malvaceae 
Hicoria, see Carya 
Hieronymia — Euphorbiaoeae 
Hippomane — Euphorbiaoeae 
Hirtella — Bosaceae 
Holairhena — Apoqmaceae 
Holocalyz — Leguminosae 
Holoptdea — Ubnaoeae 
Homalium — Samydaoeae or 
Flacourtiaceae 
Hopea — Dipterocarpaceae 
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Horofiddia — Myristicaoeae 
Humiria — Humiriaoeae 
Hunteria — Apocynaoeae 
Hura — Euphorbiaceae 
B^jrdnocarpuB — Flacourtiaoeae 
Hyinenaea — Leguminosae 
Hymenocardia — Euphorbiaceae 
Hymenodictyon — Bubiaceae 
Hymenolobium — Leguminosae 
Hymenostegia — Leguminosae 
Hjrpodaphnis — Lauraoeae 
Ichthyomethia — L^minosae 
Ilex — Aquif oliaceae 
lUicium — Winteraceae 
Inga — Leguminosae 
Intaia — Leguminosae 
Irvingia — Simaroubaceae 
Lryanthera — M3rristicaccae 
Isoberlinia — Leguminosae 
Isolona — Annonaoeae 
Itea — Escalloniaceao 
Iteadaphne — Lauraceae 
Ixonanthes — Ery throxylaceae 
Ixora — Bubiaceae 
Jacaranda — Bignoniaceae 
Jackia — Bubiaceae 
Jacquinia — Myrsinaceae 
Jasminum — Oleaoeae 
Jatropha — Euphorbiaceae 
Joanesia — Euphorbiaceae 
Jugastrum — Lecythklaceae 
Juglans — Juglandaceae 
Kandelia — Bhizophoraceae 
Karwinski — Bhamnaceae 
Kayea — Guttif erae 
Khaya — Meliaceae 
Eibara — Monimiaceae 
KibaUiUa, see Eickxia 
Kibessia — Melastomaceae 
Kiokxia — Apocynaceae 
KigeUa — Bignoniaoeae 
Kiggelaria — Plaoourtiaoeae 
Ballmevera — Outtiferae 


Klainedoxa — Simarouliaooae 
Kleinhovia — Sterculiaceae 
Knema — Myristicaoeae 
Koodersiodendron — Anacardia- 
oeae 

Koompassia — Leguminosae 
Krugi^endron — Bhamnaceae 
Kunstlerodendron — Euphorbia- 
oeae 

Kurrimia — Celastraceae 
Labatia — Sapotaceae 
Labourdonnaisia — Sapotaceae 
Laburnum — L^uminosae 
Lachnopylis — Loganiaceae 
Laetia — Flacourtiaceae 
Lagerstroemia — Lythraceac 
Lagetta — Thymelaeaceae 
Laguncularia — Gombretaceae 
Lannea — Anacardiaceae 
Lansium — Meliaceae 
Laportea — Urticaceae 
Lasiodiscus — Bhamnaceae 
Laurelia — Monimiaceae 
Lecaniodiscus — Sapindaceae 
Lecythis — Lecythidaceae 
Leea — Ampelidaceae 
Lepisanthes — Sapindaceae 
Leptactina — Bubiaceae 
Leptanlus — Icacinaccae 
Leptospermum — Myrtaceae 
Leucadendron — Proteaceae 
Licania — Bosaceae 
Idcaiia — Lauraceae 
Idchnophora — C!ompositae 
ligustrum — Oleaceae 
Lindackeria — Flacourtiaceae 
Lindera — Lauraoeae 
linociera — Oleaceae 
liquidambar — Haownelidaceae 
Liriodendron — Magnoliaceae 
Liriosma — Olacaoeae 
Idthoqsermum — Bontginaceae 
Litsea — Lauraceae 
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Loeanera — L^giiminosae 
liomatia — Proteaoeae 
Lonohocarpas — Leguminosae 
Lophira Oohnaceae 
Lophopetalum Celastraoeae 
Lo voa — Mdiaoeae 
Loxopterygium — Anacardiaoeae 
Lucuma — Sapotaoeae 
Luehea — Tiliaoeae 
Lumnitzera — Oombretaceae 
Lunania — Flacourtiaceae 
Liinasia — Butaceae 
Lysioarpus — Myrtaoeae 
Lysiloma — Leguminosae 
Maba — Ebenaoeae 
Mabea — Euphorbiaoeae 
Macadamia Proteaoeae^ 
Macaranga — Euphorbiaoeae 
Maoariaia — Rhizophoraceae 
Machaerium — Leguminosae 
Machilus — Lauraoeae 
Madura — Moraceae 
Maorodendron — Cunoniaceae 
Macrolobium — L^minosae 
Madhuca — Sapotaoeae 
Maerua — Gapparidaoeae 
Maesa — Myrsinaoeae 
Maesobotrya — Euphorbiaoeae 
Maesopsis — Rhamnaoeae 
Magnolia — Magnoliaceae 
Magonia — Sapindaoeae 
Maingaya — HamameUdaceae 
Malaoantha — Sapotaoeae 
Mallotns — Euphorbiaoeae 
Malus — Bosaceae 
Mammea — Guttif erae 
Mangifera — Anacardiaoeae 
Manihot — Euphorbiaoeae 
Manilkara -v Sapotaoeae 
Mannia — Simisoubaoeae 
Manzonia — Sterouliaoeae 
Mappa — Icacinaoeae 
Ma^eya — Euphorbiaoeae 


Markhamia — Bignoniaoeae 
Marquesia — Dipterooarpaocae 
Mastixia — Comaceae 
Matisia — Bombaoaceae 
Mayna — Flacourtiaceae 
Maytenus — Celastraoeae 
Melaleuca — Myrtaoeae 
Melanoohyla — Anacardiaoeae 
Melanorrhoea — Anacardiaoeae 
Melanoxylon — Leguminosae 
Molia — Mdiaccae 
Melioooca — Sapindaoeae 
Meliosma — Sabiaceae 
Meloohia — Sterouliaoeae 
Memeoylon — Melastomaceae 
Merrillia — Butaceae 
Mesua — Guttiferae 
Metopium — Anacardiaoeae 
Mezzettia — Annonaceae 
Michelia — Magnoliaceae 
Miconia — Melastomaceae 
Microcos — Tiliaeeae 
Microdesmis — Euphorbiaoeae 
Micromeliim — Butaceae 
Micropholis — Sapotaoeae 
Miliusa — Annonaceae 
Millettia — Leguminosae 
Mimosa — Leguminosae 
Mimusops — Sapotaoeae 
Minquartia — Olaoaceae 
Misanteoa — Lauraoeae 
Mischocarpus — Sapindaoeae 
lifitragyna — Bubiaceae 
Mitrephora — Annonaceae 
Mollinedia — Monimiaceae 
Monimia — Monimiaceae 
Monodora — Annonaceae 
Monopetalanthus — Bignoniaoeae 
Monotes — Dipterocarpaceae 
Montanoa — Compositae 
Moquinia — Compositae 
Mora — Leguminosae 
Morelia — Bubiaceae 
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Morinda — Bubiaoeae 
Moringa — Horiiigaoeae 
Morisonia — Gapparidaceae 
Moronobea — Outtif orae 
lldrqiiilea — Rosaoeae 
McxruB — Moraceae 
Mosquitozyllum — Anacardiaocae 
Mouriiia — Melastomaceae 
Muiraya — Butaceae 
Musanga — Moraceae 
Mu^gravea — Proteaceae 
Mussaendopsis — Bubiaoeae 
Myoporum — Myoporaceae 
Myroia — Myrtaceae 
Myiianthus — Moraceae 
Myiistica — Myristicaceae 
Myrocarpus — L^minosae 
Myrospermum — Legummosae 
Myroxylon — Leguminosae 
Myrsine — Myrsinaceae 
Napeodendron — Sapindaceae 
Napoleona — Loc3rt}udaceae 
Nauclea — Bubiaoeae 
Neoespia — Euphorbiaceae 
Nedandra, see Ocotea 
Neesia — Bombacaceae 
Neonaudea — Bubiaoeae 
Neoscorteobima — Euphorbiaceae 
Neostenanthera — Annonaceae 
Nephelium — Sapindaceae 
Newbouldia — Bignoniaoeae 
Niebuhria — Gapparidaceae 
Norrisia — Loganiaceae 
NothafagoB — Fagaceae 
Nothophoebe — Lariraceae 
Noxia— Loganiaceae 
Nuxia (most app.)* see Lachno- 
pyliB 

Nyssa — Nyssaceae 
Oohanostachys — Olacaceae 
Oehna — Ochnaceae 
Oehrocarpos — Outtiforae 
Oohzmna — Bombacaceae 


Ocotea — Lauraceae 
Octoknema — Octoknemataceae 
OctomeleB — Datiscaceae 
Odina^ see Lannea 
Olax — Olacaceae 
Oldfieldia — Euphorbiaceae 
Olea — Oleaceae 
Olearia — Gompositae 
Olinia Oliniaceae 
Olmedia — Moraceae 
Omphalocarpum — Sapotaceae 
Oncoba — Flacourtiaceae 
Ongokea — Olacaceae 
Oreodaphne — Lauraceae 
Orites — Proteaceae 
Ormosia — Leguminosae 
Osmanthus — Oleaceae 
Ostodes — Euphorbiaceae 
Ostrya — Botulaceae or Gory- 
laccae 

Ostryodenis — Leguminosae 
Otophora — Sapindaceae 
Ougeinia — Leguminosae 
Ouratea — Ochnaceae 
Ovidia — Thymelaeaceae 
Owenia — Meliaceae 
Oxandra — Annonaceae 
Oxystigma — Leguminosae 
Oxytheca — Sapotaceae 
Pachira — Bombacaceae 
Pachyelsma — Leguminosae 
Pachylobus — Burseraccae 
Pachypodanthium — Annonaceae 
Paohystela — Sapotaceae 
Pajanelia — Bignoniaceae 
Palaquium — Sapotaceae 
Panax, see Tieghemopanax 
Pancheria — Gunoniaceae 
Panda — Pandaceae 
Pangium — Ilacourtilaceae 
Paralabatia — Sapotaceae 
Paramignya — Butaceae 
Parashorea — Dipterocarpaceae 



APPENDIX III 


881 


ParastemoBi — Rosaoeae 
F^teooma — Bignoniaoeae 
Paravallaria — Apocynaoeae 
Parinari — Bosaceae 
PaHwrivm^ se^ Parinari 
Pariahia — Anacardiaceae 
Parkia — Leguminosae 
Paropeia — Passifloraceae 
Pasania — Fagaoeae 
Patagonula — Boraginaceae 
Patrisia — Flacourtiaceae 
Paulownia — Scrophulariaoeae 
Pauainystalia — Bubiaoeae 
Payena — Sapotaceae 
PeUaoalyx — Bhizophoraceae 
Peltogyne — Leguminosao 
Peltophorum — Leguminosae 
Pentace — Tiliaceae 
Pentaclethra — Leguminosae 
Pentacme — Dipterocarpaoeae 
Pentadesma — Guttiferae 
Pentapanax — Araliaceae 
Pentaphylax — Theaceae 
Pentaspadon — Anacardiaceae 
Pera — Euphorbiaccae 
Perebea — Moraccae 
Pereskia — Cactaceae 
Persea — Lauraceae 
Perymenium — Gompositae 
Petitia — Verbenaceae 
PeumiiB — Monimiaceae 
Phebalium — Butaceae 
Phialodiscus — Sapindaceae 
Phoebe — Lauraceae 
Phorinia — Bosaceae 
Phyllanthus — Euphorbiaoeae 
Phyllostylon — Ulmaceae 
Physoeai^piiuna — Lythraceae 
Phytolacca*-- Phytolaccaceae 
Picraena SiiAaroubaceae 
Pfesralima — Apoi^naceae 
Piorasnia — Simaroubaceae 
PPieeaipua — Butaceae 


Pimeleodendron — - Euphorbia- 
ceae 

Pimenta — Myrtaceae 
Pmckneya — Bubiaceae 
Piptadenia — Leguminosae 
Piptocarpha — Gompositae 
Piranhea — Euphorbiaceao 
Piraiinera, see Brosimum 
Pisddia, see Ichthyometkia 
Pisonia — Nyctaginaceae 
Pistacia — ^Anacardiaceae 
Pithecellobium — Leguminosae 
Pithecolobium, see Pithecellobium 
Pittosponim — Pittosporaceae 
Placodiscus — Sapindaceae 
Planchonella — Sapotaceae 
Planchoria — Lec3rthidaceae 
Planera — Ulmaceae 
Platanus — Platanaceae 
Plathymenia — Leguminosae 
Platonia — Leguminosae 
Platycarya — J uglandaceae 
Platycyamus — Leguminosae 
Platylophus — Gunoniaceae 
Platymiscium — Jjeguminosae 
Platymitra — Annonaceae 
Platypodium — Leguminosae 
Fleiocarpa — Apocynaoeae 
Pleiococca — Butaceae 
Pleiogynium — Anacardiaceae 
Pleodendron — Ganellaceae 
Pleurostylia — Gelastraceae 
Plumeria — Apocynaoeae 
Poeciloneuron — Guttiferae 
Poga — Bhizophoraceae 
Polyalthia — Annonaceae 
Polygala — Polygalaceae 
Polyosma — Escalloniaceae 
Polysdas — Araliaceae 
Pometia — Sapindaceae 
Pongamia — Leguminosae 
Popowia — Annonaceae 
Popuhis — Salieaceae 
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Poraqueiba — Icadnaoeae 
Porlieria — Zygophyllaceaa 
Pouteria — Sapotaoeae 
PradoBia — Sapotaceae 
Pilunea — Moraoeae 
Premna — Verbenaoeae 
Prioria — L^minosae 
Prockia — Flaoourtiaoeae 
Prosopis — Leguminosae 
Protea — Proteaoeae 
Protium — Burseraoeae 
Protomegabaria — Euphorbiaoeae 
Prunus — Bosaoeae 
Pseudooedrela — Meliaoeae 
Piseudomorus — Moraceae 
Paeudosamanea — Leguminosae 
Pseudospondias — Anacardiaceae 
Pindium — Myrtaoeae 
Ptaeroxylon — Meliaceae 
Ptoleocarpa — Gaidioptoridaceae 
Ptemandra — Melastomaoeae 
Pterocarpus — Leguminosae 
Pteropymbium — Sterculiaceae 
Pterogyne — Leguminosae 
Pterospermum — Sterculiaceae 
Pterygota — Sterculiaceae 
Ptychopetalum — Olaoeae 
Ptyohopyxis — Euphorbiaoeae 
Punioa — Punioaceae 
I^cnanthuB — Myristicaoeae 
Pygeum — Bosaoeae 
P^naria — Theaceae 
PyruB — Bosaoeae 
Qualea — Vochysiaoeae 
Quararibea — Bombacaceae 
Qaassia — Simaroubaceae 
QujArachia^ see Schinopsis 
Serous — Fagaoeae 
QuUlaja — Bosaoeae 
Quintima — Saxifragaoeae 
Bandia — Bulaaoeae 
Bapanea — Myrsiiiaoeae 
Bauwolfia — Apooynaoeae 


Beevesia — Sterculiaceae 
Beynosia — XUbamnaceae 
Bhamnidium — Bhamnaceae 
Bhamnus — Bhamnaceae 
Bheedia — Guttif erae 
Bhizophora — Bhizophoraceae 
Bhodamnia — Myrtaceae 
Bhodoleia — Hamamelidaceae 
Bhodosjihaera — Anacardiaceae 
Bhus — Anacardiaceae 
Bioinodendron — Euphorbiaoeae 
Bicinus — Euphorbiaoeae 
Binorea — Violaoeae 
Bobinia — Leguminosae 
Bollinia — Aimonaceao 
Boupala — Proteaceae 
Ruprechtia — Polygonacoae 
Byparosa — Flacourtiaceae 
Sabia — Sabiaceae 
Saccopetalum — Annonaf^eae 
Sacoglottis — Humiriaceae 
Sacrosperma — Sapotaceae 
Sageraea — Annonaceae 
Sageretia — Bhamnaceae 
Salacia — Hippocrateaccae 
Salix — Salicaoeae 
Salvadora — Salvadoraceae 
Salvertia — Vochysiaceac 
Sambucus — Caprifoliaceae 
Sandoricum — Meliaceae 
Santalum — Santalaceae 
Santiria — Burseraoeae 
Sapindus — Sapindaoeae 
Sapium — Euphorbiaoeae 
Saraca — Leguminosae 
Saroocephalus — Bubiaoeae 
Sarcomphalus — Bhamnaceae 
Sassafras — Lauraoeae 
Sauiauia — Saurauiaosae 
Soalasia — Oompositae 
Scaphium — Sterculiaceae 
Scaphopetalum — Sterculiaeeae 
Sohaefferia — Odastraoeae 
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Soheffiara Araliaoeae 
Sohima — Theaoeae 
SchinopBis — Anacardiaoeae 
Sohiniis — Anacardiaoeae 
Schizolobiiim — L^guminosae 
Schizomeria — Cimoniaoeae 
Schleichera — Sapindaceae 
Schoepfia — Olacaoeae 
Sohotia — Laguminosae 
Schoutenia — Tiliaceae 
Schrebera — Oleaceae 
Schumanniophyton — Bubiaceae 
Soiadodendron — Araliaceae 
Sclerocarya — Anacardiaoeae 
Soolopia — Flacourtiaceae 
Soorodocarpus — Olacaoeae 
Scottellia — ^Blacourtiaceae 
Scutinanthe — Burseraoeae 
Scyphiphora — Bubiaceae 
Scytopetalum — So3rtopetalaoeae 
Sebastiana — Euphorbiaceae 
Seouridaca — Polygalaceae 
Semecarpus — Anacardiaoeae 
Sersalisia — Sapotaceae 
Shorea — Dipterocarpaceae 
Sickingia — Bubiaceae 
Siderozylon — Sapotaceae 
Silvia — Lauraceae 
Simarouba — Simaroubaoeae 
Simartiba, see Simarouba 
Sindora — Leguminosae 
Siparuna — Monimiaceae 
Siphonodon — Celastraceae 
Skimmia — Butaceae 
Sloanea — Elaeocarpaoeae 
Sloetia — Moraoeae 
Smeathmannia — Fassifloraoeae 
Sonnerafia -r Sonneratiaceae 
Soyauzia — ^amfloraoeae 
Spathodea — Bljgnoniaceae 
SpltaeopedB — Cunoniaceae 
Spirostachya — Euphorbiaoeae 
Spondiantbus — Anacardiaoeae 


Spondias — A 
Staudtia — Mjrristicaoeae 
Stemonoooleus — Leguminosae 
StemonuruB — loaoinaceae 
Stenocaipus — Proteaoeae 
Sterculia — Sterculiaceae 
Stereospermum — Bignoniaceae 
Sterigmapetalum — l^izophora* 
ceae 

Stewartia — Theaceae 
Strephonenla — Combretaceae 
Strombosia — Olacaoeae 
StryehnoB — Loganiaoeae 
Stylocoryna — Bubiaceae 
Styraz — Styracaoeae 
Suriana — Surianaceae or Sima 
roubaceae 

Swartzia — Leguminosae 
Sweetia — Leguminosae 
Swietenia — Meliaceae 
Swintonia — Anacardiaoeae 
Syoopsis — HamameUdaoeae 
Sygyiopsis — Sapotaceae 
Symphonia — Guttiferae 
Symplocos — Symplocaceae 
Syncarpia — Myrtaoeae 
Synoum — Meliaceae 
Synsepalum — Sapotaceae 
Syiinga — Oleaceae 
Syzygium — Myrtaoeae 
Tabebuia — Bignoniaceae 
Tabemaemontana — Apocyna- 
ceae 

Talauma — Magnoliaoeae 
Talbotiella — Laguminosae 
Tamarindus — Leguminosae 
Tamariz — Tamaricaceae 
Tapiria — Anacardiaoeae 
Taraktogenaa^ see Hydnocarpus 
Tarrietia — Sterculiaceae 
Tazotrophis — Moraoeae 
. Teclea — Butaceae 
\ Teooma — Bignoniaceae 
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Teotona — Verbenaceae 
Terminalia — Gombretaoeae 
Temstroemia — Theaoeae 
Teasaria — Cbmpoaitae 
l%traoentron — Magnoliaceae 
Tetragastria — Buraeraoeae 
Tetrameles — Datiscaceae 
Tetramerista — Marcgraviaceae 
Tetrapleura — Leguminoaae 
Theobroma — Sterculiaceae 
Theapeaia — Malvaceae 
Tibouchina — Melaatomaoeao 
Tieghamopanax — Anaoardia- 
oeae 

Tilia — Tiliaoeae 
Timoniua — Bubiaooae 
Tipuana — Leguminoaae 
Toona^ see Cedrela 
Torresea — Leguminoaae 
TomGellia — Cornaceae 
Toumefortia — Boraginaceae 
TaxyUm, see Madura 
Traohylobium — Leguminoaae 
TrecuHa — Moraceae 
Trema — Ulmaceae 
Trowia — Euphorbiaceae 
Tiichadenia — Flacourtiaceae 
Trichanthera — Acanthaceae 
Trichilia — Meliaceae 
TrichoBcypha — Anacardiaceae 
Tricbospermum — TlUaceae 
Trigoniastrum — Trigoniaoeae 
Trigonopleura — Euphorbiaceae 
Triomma — Buraeraoeae 
Triplaris — Polygonaoeae 
Triplochiton — Sterculiaceae 
Tristania — Myrtaceae 
Tristiia — Sajundaceae 
Troohodendron — Magnoliaceae 
Tuiraea — Meliaceae 
TuiraeanthuB — Meliaceae 
l^loatemon — Lauraoeae 
Uapaoa — Euphorbiaoeae 


Ulmna — Ulmaceae 
Umbellularia — Lauraoeae 
Unonopais — Annonaceae 
Upuna — Dipterocarpaoeae 
Urandra — loadnaoeae 
Urophyllum — Bubiaceae 
Uvaria — Annonaceae 
Uvariaatrum — Annonaceae 
Vantai^ — Humiriaceae 
Vateriopaia — Dipterocarpaoeae 
Vatica — Dipterocarpaoeae 
Vemonia — Compoaitae 
Viburnum — Caprifoliaceae 
ViUareaia — Icacinaceae 
Virola — Myriaticaceae 
Viamia — Hypericaceae 
Vitex — Verbenaceae 
Vochyaia — Vochysiaceae 
Vouacapoua — Leguminoaae 
Wallenia — Myrsinaceaa^ 
Warburgia — Canellaceae 
Weihea — Bhizophoraoeae 
Wcinmannia — Cunoniaceae 
Wetria — Euphorbiaoeae 
Wormia — Dilleniaceae 
Wrighiia — A2K>cynaceae 
Xanthophyllum — Polygalaoeae 
Xanthostemon — Myrtaceae 
Xoroapermum — Sapindaceae 
Ximenia — Olacaceae 
Xylia — Leguminoaae 
Xylocarpua — Mdiaoeae 
Xylomelum — Proteaooae 
Xylopia — Annonaceae 
Xyloama — Flacourtiaceae 
XymaloB — Monimiaoeae 
Zanha — Buraeraoeae 
Zanthoxylum — Butaoeae 
Zelkova — Ulmaoeaep 
Zizyphus — Bhamnaoeae 
Zollernia — Leguminoaae 
Zuelania — Flaoourtiaoeae 
Zygqgynum — Magnoliaoeae 
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abaxial, 40 
acoustic properties of 
wood, 147 

adhesion, mechanical, 
303 

adhesion, natural, 303 
adhesion, specific, 303 
adhesives, 302 
a^rgregate, diffuse in, 30 
aggregate ray, 42 
air seasoning, 160 
aliform parench 3 nnaa, 37 
alternate pitting, 20 
ambrosia fui^us, 225 
angiosperm, 6 
animal glue, 303 
anti-shrinkage treat- 
ments, 105, 195 
ants, white, 233 
apotracheal paron- 
ch3rma, 37 
autumn wood, 16 

back-sawn, 19 
bands, broad, of par- 
enchyma, 39 
bands, broad conspicu- 
ous, of parenchyma, 
39, 41 
bark, 13 

bark pocket, 200 
bars of Sanio, 32 
beetle attack, 224 
beetle, Bostrychid, 229 
beetle, death-watch, 231 
beetle, furniture, 230 
beetle, longhorn, 224 
beetle, Ijyetua, 23, 226 
beetle, powder-post, 226 
bending, impact, 126 
bending, static, 123 
bending, total work m, 
117 

Bethel proegpo, 257 
bird’a-^ye fignstk 60 
blister figure, 59 
bISster, ^teh, 201 
blo«^ boar^ 306 


blue-stain, 219 
bole, 13 

borer, marine, 237 
borer, pm hole, 225 
borer, shot-hole, 225 
boron, 249 

Bostrychid beetle, 229 
botanical name, 7 
Bouchene process, 258 
Boulton process, 258 
bowing, 203 
bracking, 280 
brittleness, 117 
broad-leaved tree, 6 
brown rot, 212 
brush coating, 254, 255 
built-up construction, 
306 

bulldog timber con 
nec'tor, 298 

calcium oxalate, 23, 43 
cambial strands, pro , 17 
cambium, 15 
canals, gum, 44 
cunaln, lioiizontal, 28, 

44 

canals, mterccllular, 45 
canalH, latex, 45, 202 
canals, radial, 28, 44 
canals, resia, 28, 44 
canals, traumatic, 28 
canals, vortical n^sm, 28, 
44 

card key, see multiple 
entry key 
case-hardened, 205 
case hardening, 157, 205, 
304 

cavity, cell, 18 
Celcure process, 249 
cell, 16 

cell, cavity, 18 
cell, epithelial, 28 
cell, marginal, 43 
cell, menstematic, 17 
cell, sheath, 43 
cell, tile, 43 

343 


cell wall, composition of, 
18, 19, 20, 21, 116, 131 
coll wall, influence of 
micro-siiucture of, on 
Btrciigtli, 120 
cell wall, physico-chemi- 
cal composition of, 21, 
22, 115, 131 
cellar fungus, 217 
c*e11uloBP, 22 
CtTatfutUmiilUi, 210 
chamng, 259 
cheeks, 203, 205 
chemical composition of 
cell aall, 18, 21, 22 
chnuucal dips against 
sap stain fungi, 220 
chemical scusoiiiiig, 171, 
192 

chemical staining of 
timber, 219 

('hlorinated phenol, 262 
chrysalis, 222 
( law -plate connector, 

299 

c lenvability, 128 
close-piling, 107 
r oarae gram, 58 
coarse texture, 61 
collapse, 206 
com>> grain, 57 
compartment kiln, 178 
coinpreg, 245 
compressed wood, 244 
compression failures, 

202 

compression failures, in- 
flumice on strength pro- 
perties, 136 
compression set, 93 
compression wood, 56 
eoinprossive strength, 
120 

compressive stress, 117 
conductivity, specific, 
145 

confiuent parenchyma, 
37 
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coniferg,^6 

Ccniophora eerMOat 218 
oonnectoRi, bulldog 
timber, 298 
connectors, claw-plate, 
299 

cAinectors, split-ring, 
298 

connectors, timber, 297 
connectors, toothed- 
ring, 298 

conspicuous broad bands 
of parenchyma, 39, 41 
construction, glued 
laminated, 306 
copper naphthenate, 251 
Ooprinw sp., 219 
Corycorinetea coendeua, 
232 

course texture, 61 
creosote, 247 
cresylic acid, 221 
cross-breaking strength, 
123 

cross-breaks, 202 
cross field, 32 
crystals, 23 
cupping, 203 
cupressoid, 32 
“ Cuprinol ” for brick- 
work, 248 
curl, feather, 61 
curve, frequency, 139 
cuttings, 270 
cycle, life, 222 

dead knot, 199 
death-watch beetle, 231 
decay, 209 

decay, detection of, 211 
decay, incipient, 211 
defects, 109 

defects, infiuence of, on 
strength, 136 
defects, standard, 279 
deformation, 116 
degrade in seasoning, 

203 

density, 110 
density, determination 
of, 110 

density, practical signifi- 
cance of, 116 
density, variation in, 112 
diagonal grain, 69 
dichotomous Imy, 69 
dicotyledon, 6 
diele^c heating, 197 


differential shrinkage, 91 
diffuse, 37 

diffuse-in-aggregates, 39 
diffuse parenchyma, 37 
diffuse porous, 34 
dimensions of kiln- 
seasoning stacks, 182 
Diplodta^ 219 
dipping, 264, 266 
distillation method for 
determining moisture 
content, 84 
dote, 213 

dowel, Kiibler, 297 
Dowicide. 262 
draught, natural kiln, 
172 

drying stresses, test 
pieces for determining, 
176 

dry rot, 212 
dry-wood termites, 234 
diy-wood termites, 
control of, 236 
ducts, gum, 44 
ducts, resin, 28 
ducts, traumatic, 28 
duration of loading, m- 
fiuence of, 126 

early wood, 16 
edge graigt, 67 
elasticity, 160 
elasticity, modulus of, 
117 

elastic Umit, 116 
electrical conductivity 
of wood, 147 
electrical drying of 
wood, 196 

electric moisture meters, 
87 

elements, 43 
elf cups, 219 
empty cell process, 257 
end coating, 169 
end protection of 
timber, 169 
end -wise piling, 62 
energy vidue of wood, 
150 

epithelial cell, 28 
epithelium, 28 
equilibrium moisture 
content, 98 

Emobiua moUiis L., 233 
even texture, 61 
external-fan kiln, 181 


failure, compression, 202 
families, botanical, 7 
fan, extomal-, kiln, 181 
fan, internal-, kiln, 181 
feather-curl figure, 61 
fibre, 33 

fibre, interlocked, 69 
fibre, libriform, 36 
fibre saturation point, 89 
fibre, septate, 36 
fibre tracheid, 36 
fibre, wood, 36 
fibrUs, 22 
fibrils, micro-, 22 
fiddle-back figure, 60 
field, cross, 32 
figure, 57 

figure, bird's-eye, 60 
figure, blister, 60 
figure, feather-curl, 61 
figure, fiddle-back, 60 
figure, ram's-horn, 61 
figure, ribbon, 59 
figure, roe, 60 
figure, silver, 58 
figure, stripe, 69 
figure, wavy, scejiddle- 
bac^k figure 
fine grain, 58 
fine lines of parenchyma, 
39 

fine texture, 61 
fire -proofing processes, 
240 

fire-retarding paints, 241 
firo-rotarding properties 
of wood, 240 
fisHibihty, 117 
fiat grain, 67 
fiat-sawn, 67 
flocks, pith, 200 
flexibility, 117 
food conduction in 
plants, 13 

forcod-circulation kiln, 
172 

forces, mechanical, 116 
forest fungi, 213 
" free water ” in wood, 
89 

frequency curve, 139 
frequency, Gaussian dis- 
tribution, 139 
frequency, if irmal dis- 
tribution, 139 
fructification, 210 
fruiting body, 209 
full-oeU process, 267 



fumigants, 251 
fuming, 58 

fungi attacking wood in 
service, 216 
fungi, conditions essen- 
tial to growth of. 210 
fungi, food of, 212 
fungi, forest, 213 
fungi, mould, 220 
fungi, precautions m 
carrying out lepairs 
due to, 215 
fungi, sap stain, 200 
fungi, temperatures 
lethal to, 210 
fungi, wood rotting, 211 
fungi, wood - rotting, 
conditions favoumig 
attack, 210 
fungi, wood rotting, 
methods of oontiol, 211 
fungus, ambrosia, 226 
fungus, cellar, 217 
furnace hea'ted kilns, 185 
funiituie beetle, 230 
fusiloim bodies, 22 

gamma BHC, 250 
* Gammexatio ’ , 260 
** Gammexane emulsion 
concentrate, 251 
gap joints, 304 
gas, producer, 150 
Gausoian frequency dis 
tnbution, 139 
genus, 6 
giidling 159 
glued jomts, factors in 
fluoncmg strength of, 
304 

glued jomts, gap joints, 

304 

glued laminatod con 
stiuction, 300 
glues, ammal, 304 
glues, casein, 304 
glues, starch and soda 
silicate, 305 
glues, synthetic resin, 

305 

grading, American 
practice m, 278 
grading, Baltic practice 
m, 281 m 

grading, Canadian prac- 
tice m, 281 

^prading. Empire practice 
m, 282 


INDEX 

grading, general prm- 
ciples of, 277 
gradmg niles. Empire, 
282 

grading rules, Hemo 
sand, 280 

grading rules of Foi 
Piod Asfaoc of !> inland, 
280 

grading, stress, 283 
gram, 67 
gram, coarse, 58 
gram, comb, 57 
gram, dctexmination of 
direction of, 62 
gram, diagonal, 59 
grain, edge, 67 
giain, fine, 57 
giain, fiat, 57 
giain, mfiueiue of duoc 
tion on utilization 62 
giain, intciloc kt d 50 
gram, uiegiilat, 69 
gram quaittr, 57 
giain, siher, 58 
grain, slope of, 62 
gram, spiial 59 
gram, straight, 59 
gram, vertic al, 57 
gram, wavy 60 
giavity, spec ific , 112 
growth laiei, 15 
growth of the boli 45 
growth lings, 15 
growth rings iirtgului in 
width, 58 

growth rings logulnr in 
width, 58 
gum ducts 44 
gum, setting of, in kiln 
drying, I/O 
gum \ems, 201 
gymnosperm, 6 

hardened gloss oil 221 
hardened, rase, 205 
baldness, 118, 127 
hardwood, 6 
heart, punk> , 202 
heart, qsongy, 202 
heartwood, 16 
heat conductivity of 
wood, 145 
heat, specific, 145 
heat value of wood, 148 
herbarium mateiial, 8 
Hemosond grading rules, 
280 
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heteiogeneouB ray, 48 
high-fi^uenoy*fldternat- 
ing currents for drying 
wood, 197 

homogeneous ray, 48 
honey combmg, 200 
hoiizontal lanal, 28, ^4 
horn, ram s, figure. 01 
huimdity, relative, 99 
h\grometer, 173 
h\ groscopic moisture, 90 
h\ grosi opi( ity of wood, 
fuctois aflcHting, 104 
Hiflotrupe*^ IhjjuIus, 221 
hvphue, 26, 209 

idoiitilu atiun appaiatus 
requiied foi, 68 
identification of timber, 
the problem 67 
identihiatioii, the pro 
coduic, 67 

impact lieiidiiig, 126 
nnpmvcd wood, 246 
incipient decay, 211 
in'*isjng, 256 
iruluclccl pliloem, 40, 200 
mdc titiiiih of c < 11 wall, 32 
infiltrate, 22 
initial paiciu hyma, 37 
inkycaj) 219 
intciccliular canal, 45 
mtei locked fibre, 59 
interlocked giaiii, (>0 
intern il fan kiln 181 
ificgular gram, «59 
iiritants in wood, 06 
l/ud tost, 118 

ke^ , card, sec ke^ , mul 
tiplo entry 

ki-v dichotomous, 69 
key raullipk cntiy, 74 
ke\s, idontilication 09 
kibi, coxujiaitinent 179 
kiln drying m hedules, 
101 

kiln opoiation, 189 
kiln seasoning, 17(» 
kiln seasoning, ad van 
tages of, 170 
kilns, air i irculation m, 
172 

kilns, choice of, 189 
kilns, < ontrol of air cir* 
culation m, 178 
kilns, dimensions of 
stacks in, 182 
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kilnt, doom for» 177 
Idliis, dodn of, 177 
kilnii, eitemal-faii, 181 
kUnB,luniaee-heat^, 185 
kilos, huzoidity control 
m, 100 

kil^, intemal-fan, 181 
kilns, measurement of 
temperature and hum- 
idity in, 190 
kilns, methods of heat- 
ing, 172 

kiliu, natural-draught, 
172 

kilns, natural-draught 
compartment, 180 
kilns, operation of, 189 
kilns, piling technique 
in, 177 

kilns, progressive, 178 
kilns, roofs in, 177 
kUna, sample boards in, 
175 

kilns, temperature con- 
trol in, 190 
kilns, walls of, 177 
kilns, water-i^ray com- 
partment, 181 
knot, 199 
knot, dead, 109 
knot, live, 199 
knot, loose, 199 
knot, round, 199 
knot, spike, 199 
knot, tight, 199 
knots, influence of, on 
strength properties, 136 
Kflbler dowel, 297 

lamella, middle, 20 
laminate construction, 
306 

larvae, 222 
late wood, 16 
latex canal, 45, 202 
lasrer, growth, 15 
leaves, 13 

lengths, standard, 279 
Jje^nue tepideua, 218 
lihriform fibre, 36 
life cydLe, 222 
listening diake, 202 
Lignasan, 262 
lil^iflcation, IS 
lignifioation, difference 
in, between temperate 
and trcnnoal tifebers, 
131 


lignin, 18 
liming, 63 
limit, elastic, 116 
limit of proportionality, 
116 

lines, fine, of paren- 
chyma, 39 
live knot, 199 
load, maximum, 116 
loading, influence of 
duration of, on strength 
properties, 125 
longhorn beetle, 224 
loose knot, 199 
low-frequency currents 
for drying wood, 196 
Lowiy process, 257 
lumen, 20 
lustre, 66 
Lyctua, 226 
LyctuSj control of, 228 

maceration, 24 
magnesium silico- 
fluoride, 248 
magnification, meaning 
of, 76 

marginal cells, 43 
marine borers, 237 
mark, ripple, 42 
mark, strawberry, 201 
material, l^rbarium, 8 
maximum load, 116 
maximum load, work 
done to, 116 
mechanical cuihesion, 

303 

mechanical wear of 
timber, 243 
medulla, 27 
medullary ray, 27 
member, vessel, 33 
meristematio cell, 17 
Mendiua locrymans, 

269, 271 

metntracheal paren- 
chyma, 37 
meters, moisture, 86 
method, distillation, for 
moisture content deter- 
mination, 84 
method, oven-dry, for 
moisture content deter- 
mination, 81 
micelle, 20 
znicrofibrils, 22 
micro-struotaze of cell 
waU, 20, 21 


mioro-strufliuM of cell 
wall, influenoe of» on 
strength, 129 
middle lainella, 20 
mineral streak, 201 
modulus of elaatieity, 

117 

moistuze, electrical, 
meter, 87 

moisture, hygrosoopie, 

90 

moisture content, 81 
moisture content, deter- 
mination of, by dis- 
tillation method, 84 
moisture content, deter- 
mination of, by oven- 
dry method, 81 
moisture content, equi- 
librium, 98 

moisture content of con- 
structional timber, 95 
moisture content of wood 
for different purposes, 
107 

moisture content, use of 
moisture meters • in 
measuring, 86 ^ 
moisture content, varia- 
tion in, of green timber, 
96 

moisture content, varia- 
tion ' in, of seasoned 
timber. 07 

moisture in wood, influ- 
ence of, on strength 
properties, 133 
moisture in wood, occur- 
rence of, 89 
moisture meters, 86 
moisture transfiirion, 108 
monocotyledon, 6 
mould fungi, 210 
movement in wood, 01 
multiple entry key, 74 
muitiseriate ray, 29, 41 
mycelium, 209 

Nacerda malanura L., 

233 

name, botanical, 7 
name, standard, 12 
name, trade, 10 
name, veniaoidcv» 10 
zMUTOW tinged, 58 
natunl adhesioii, 803 
natural-drau^t oom- 
paitment kiln, 172 



iiatur«l<4mvi£^t kiliii, 
178 

BAtoral MMKmiiig, 159 
noiiMnolfttiire of timbm« 
9 

nominal flisea of sawn 
timber, 879 
nonnal frequency die* 
tribtttioii, 139 

odour of wood, 66 
open-tank ireatxnent«of 
wood, 256 
opposite pitting, 29 
order, botanical, 7 
organic solvent wood 
preservative, 249 
oven-dry method, for 
moisture content deter- 
mination, 81 
ovipositor, 226 

Paramount card, 73 
Paramount Porting 
system, 74 
paratraeheal paren- 
chyma, 37 

paratraeheal, sparsely, 

39 

parenchyma, 29 
parenchyma, aliform, 40 
parenchyma, aliform- 
confluent, 40 
parenchhma, apotra- 
cheal, 37 

parenchyma, confluent, 

40 

parenchyma, diffuse, 37 
parenchyma, dilfuse-in- 
aggregates, 30 
parenchyma, initial, 37 
parenchyma, meta- 
tracheal, 39 
parenchyma, para- 
tracheal, 37 
pereuohyma, ray, 26 
parenchyma strand, 27 
parenchyma, terminal, 
37 

parenchyma, vasi- 
centrio, 87 

parenohyma, wood, 26 
PaoBiUm panuoideBt 218 
pentadilorgphenol, 251 
PmiarUiinBm 233 

pefforation pla;^ 34 
^adbratioo plate, 
■(fldirifofm, 34 
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perforation plate, 
aimple, 84 
PerMBoiOt 220 
permanent set, 93, 116 
permanent set, removal 
of, 116 

Pezixa sp., 219 
PheHimiB crypiarwn, 213 
phloem, 17 

phloem, included, 46, 200 
physioo-chemioal com- 
position of cell wall, 21, 
22, 115, 133 
piceoid pitting, 32 
piling, close, 167 
piling, end-wise, 162 
piling, self-, 168 
piling, sidewise, 162 
piling technique in air 
seasoning, 162 
piling teclmique in kiln 
seasoning, 176 
pinoid pitting, 32 
pit, 18 

pit, bordered, 19 
pit opening, 19 
pit, simple, 19 
pit torus, 10 
pitch blister, 201 
pitch pocket, 28, 200 
pitch seam, 28, 201 
pitch shake, 28, 201 
pitch streak, 201 
pith, 16 
pith fleck, 200 
]UtB, 18 

pitting, alternate, 20 
pitting, opposite, 29 
plate, perforation, 34 
plate, sheai, 299 
plywood, uovelopment 
of, 302 

pocket, bark, 200 
pocket, pitch, 28, 200 
pocket rot, 212 
point, fibre saturation, 

89 

polymerization, 108 
pores, 33 

Poria vaiUantii, 217 
Pariaxaniha, 218 
porous, diffuse, 34 
porous, ring, 35 
powder-post beetle, 226 
preliniinaiy seasoning, 
159 

preservatives, tar-oil 
groiqp of, 247 
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preservativea, wood, 247 
pressure prooesses, 251 
pressure treatments, 854 
primoiy wall, 18, 80 
pro-cambial strand, 17 
processes, fira-prooflng, 
240 • 

processes, jnessuie, 256 
producer gas, 160 
progressive kiln, 178 
proportionality, limit of, 
116 

protoplaam, 23 
punky heart, 202 
pupation, 222 

quarter grain, 67 
quarter-sawn, 67 

radial canal, 45 
radio-frequency heating 
for drying wood, 196 
ray, 26 

aggregate, 42 
ray, heterogeneous, 43 
ray, homogeneous, 43 
ray, medullary, 27 
ray, multisenate, 41 
ray, paronchyma, 26 
ray tracheids, 29 
ray, uniseriate, 41 
reconditioning, 207 
relative humidity, 99 
resin canal, 28 
resin duct, 28 
rosin pocket, 200 
resin streak, 201 
resin, synthetic, glue, 

305 

reticulate parenchyma, 
39 

Rhagium hifaeciatum, 

224 

ribbon figure, 59 
rift sawn, 67 
ring, growth, 15 
ring porous, 36 
ring-shake, 204 
ripple mark, 42 
roe figure, 60 
roots, 13 
rot, brown, 212 
rot, dry, 212 
rot, pocket, 212 
rot, wet, 212 
rot, white, 212 
rot, white pocket, 214 
round knot, 199 
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Bueping proeeas, 267 
stiftM-grading, 284 

Mlt MMMKming, 171, 192 
aalta, water soluble, aa 
wxK^preaervativea, 248 
aainple boards, 176 
8anio, bars of, 32 
** Saotobrite **, 248 
sap conduction, 13 
sap-atain fungi, 219 
aap-Btain fungi, chlorin- 
atod phenols to control, 
262 

aap-stain fungi, condi- 
tions for growth, 220 
sap-stain fungi, control 
of, 220 
aapwood, 10 
aapwood, colour of, 60 
aapwood, durability of, 
60 

aapwood, permeability 
of, 61 

aapwood, strength pro- 
perties of, 60 
aapwood, weight of, 60 
saturation, fibre, point, 
89 

sawmilUng, develop- 
ment of, 292 
sawn, flat-, 67 
sawn, quarter-, 67 
sawn, nft-, 67 
scalarifonn perforation 
plate, 34 

scalloped torus, 29 
seam, pitch, 28, 201 
seasoning, 169 
seasoning, air, 160 
seasoning, chemical, 171, 
192 

seasoning, degrade in, 
203 

seasoning, dielectric 
heating for, 197 
seasoning, electrical dry- 
ing of wood, 106 
seasoning, high - fre- 
quency currents for, 
107 

seasoning, kiln, 170 
aeaaoning, low-frequency 
euixents for, 196 
seasoning, natural, 159 
aeaaoning, objects of, 155 
aeasoning, preliminary, 
169 
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aeasoning, principles of, 
157 

aeasoning, radio - fre- 
quency heating in, 
196 

aeasoning, salt, 171, 192 
seasoning shed, 161 
seasoning shed, floors of, 
162 

seasoning, water, 169 
seasoning yard, 162 
secondary wall, 18, 20 
secondary xylem, 17 
self -piling, 168 
septate fibres, 36 
set, compression, 93 
set, permanent, 03, 116 
set, permanent, removal 
of, 116 

set, property of wood of 
lieeoming, 116 
sot, tension, 94, 204 
setting of gum or resin, 
170 

sliako, 203, 205 
shake, xutch, 28, 201 
shake, ring, 204 
shakes, star, 204 
shear connector, 299 
siioar plate, 299 
shearing strength, 1 22 
slieanng stross, 117 
sheath coll, 43 
shock-resisting ability, 
117 

short in the grain, 68 
shrinkage, causes of, 92 
shrinkage, differential, 

94 

sidewise piling, 162 
silica deposits, 23 
silk, watered, figure, 61 
silver figure, 42, 68 
silver grain, 42, 58 
simple perforation, 34 
small clear specimens, 
reduction fac'tors for 
data from tests on, 138 
smoke generators, 275 
sodium fluonde, 248 
sodium pentaohloro- 
phenate, 248 
softwood, 6 
sorting. Paramount, 
card, 74 

sparsely paratracheal, 39 
species, 6 

specific adhesion, 303 


specific conductivity, 

146 

spedfie gravity, 112 
specific gravity, rdation 
of, to strength, 130 
spe^c heat, 145 
specific strength, 293 
spherical units, 22 
spike knot, 200 
spiral grain, 69 
split, end, 205 
split-ring connector, 298 
spongy heart, 202 
spores, 200 
spraying, 266 
spnng, 204 
springwood, 16 
stack, timber, dimen- 
sions of (air seasoning), 
163 

Btac'k, timber, dimen- 
sions of (kiln seasoning), 
182 

stack, timbet, founda- 
tions for, 162 
stain -blue, 291 
stain, sap-, 219 • 

standard defect, S79 
standard length, 270 
standard name, 12 
standard thickness, 270 
standard width, 279 
star shake, 204 
starch and soda silicate 
glue, 306 

static bonding, 123 
Staypak, 246 
stickers, 84 
stickers, size of, 165 
stickers, spacing of, 165 
stiffness, 117 
straight grain, 69 
strand, pro-cambial, 17 
strand, wood paren- 
chyma, 27 

strawberry mark, 201 
streak, mineral, 201 
streak, pitch, 201 
streak, resin, 201 
strength, compressive, 
120 

strength, relation of 
spedfic gravity to, 130 
strength, sheqring, 122 
strength, specific, 293 
strength, tensile, 122 
strength as a beam, 

123 
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Btrangth propertieB, oom- 
fMoiBOii of tenapoFate 
and tropioel timben, 
131 

strength propertieB, in- 
flnenoe of defects cniy 
136 

strength properties, in- 
fluence of water in 
wood on, 133 
strength properties, 
meth^ of deteri&n- 
ing, 119 

stress, compressive, 117 
stress-grad^ rules, 

284 

stress grading, theory 
of, 130 

stress, shearing, 1 1 7 
stress, tensile, 117 
stripe figure, 69 
substances, volatile, as 
wood presqpratives, 251 
subterranean termite, 234 
Bummerwood, 16 
swelling, causes of, in 
wcA>d, 92 

synthetic resin glue, 305 


Tantalising process, 249 
tank, open, treatment, 
265 

tar-oil group of wood 
preservatives, 247 
taste of wood, 66 
taxodioid pitting, 32 
Teco clamping plate, 300 
Teco spike grid, 300 
tensile strength, 122 
tensile stress, 117 
tension set, 94, 206 
tension wood, 66 
terminal parenchyma, 37 
termites, 233 
termites, control of, 236 
termites, dry -wood, 234 
termites, subterranean, 
234 

test boards, 84, 176 
test pieces (for deter- 
mining drying streBses), 
176 

test pieces (for mechani- 
cal teetsl^refer to ap- 
propriate testa) 
t^ pieces (for mois* 
content determina- 
tUma), 82, 176 


tests on small clear speoi* 
mens, rsducrion factors 
for data from, 138 
Tetropium gabridtf 224 
texture, 67, 68 
texture, coarse, 61 
texture, even, 61 
texture, fine, 61 
texture, uneven, 61 
thicknesses, standard, 
279 

thunder shake, 202 
tight knot, 199 
tile cell, 43 

Umber connector, bull- 
dog, 298 

tunber connector, claw- 
plate, 299 
tuuber connector, 

Kubler dowel, 297 
timber connector, Teco 
clamping plate, 300 
timber connector, Teco 
spike grid, 300 
timber ooimector, 
toothed-ring, 298 
timber connectors, 206 
timber connectors, ad- 
vantages of, 296 
timber connectors, 
shear-plate, 299 
timber stacte, see under 
stacks, timber, and 
piling 

“Timber”, 249 
I Hsue, 19, 43 
tissue other than rays 
storeyed, 43 
tooth^-rina connector, 
298 

torus, scalloped, 29 
total work in bending, 
117 

tough (of timber), 127 
toughness, 117 
tracheid, 26 
tracheid, fibre, 36 
tracheid, ra^ > 29 
tracheid, vascular, 34 
“ trade ” names, 10 
Trameiea pini, 214 
Trameies aerialia, 213 
transfusion, moisture, 
108 

traumatio canal, 28 
traumatio duct, 29 
treatment, pressure, of 
tunber, 264 


twisting in seaBaninib 
203 

tyloses, 36 

uneven texture, 61 
uniseriate ray, 41 
units, qpherical, 22 

variation in moisture 
content of green timber, 
96 

variation in moisture 
content of seasoned 
timber, 97 

vascular tracheid, 34 
vasieentrio parenchyma, 
37 

vein, gum, 201 
vernacular names, 10 
vertical canal, 44 
vessel, 33 
vessel line, 33 
vessel member, 33 
volatile substances as 
wood preservatives, 261 

wall, primary, 18, 20 
wall, secondai^, 18, 20 
wane, 284 
warping, 203 
washboarding, 206 
water conduction in 
plants, 13 

water in wood, occur- 
rence of, 89 

water movement in 
wood, factors control- 
ling, 167 

water seasoning, 169 
water-soluble wood 
preservatives, 248 
water-spray compart- 
ment kfin, 181 
watered silk figure, 61 
wavy figure, see fiddle- 
back figure 
wavy grain, 60 
weathering, 212, 244 
wet rot, 212 
wharf borer, 233 
wliite ants, 233 
white pocket rot, 214 
white rot, 212 
wide ring^, 67 
widths, standard, 279 
wood as an engineering 
material, 292 
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wood* a^unui. 16 
wood, eomjpreaaaon, 06 
wood, eariy, 16 
wood fibre, 36 
wood, imiwoved, 245 
wood, late, 16 
i^Dodf ** movement *' in, 
91 

wood, woridng of, 01 
wood parenchyma, 26, 37 
wood parenchyma 
strand, 27 
wood preservation. 
Bethel process, 267 
wood preservation, 
Doucherie process, 258 
wood preservation, 
Boulton process, 258 
wood preservation, dip- 
ping process, 256 
wood preservation, ecK>- 
nomic aspects of, 269 
wood preservation, 
Lowry process, 267 
wood preservation, open- 
tank method, 265 
wood preservation, pres- 
sure processes, 266 


INDEX 

wood preservation. 
Rueping prooeas, 257 
wood preservative, 
creosote as a, 247 
wood p rev er v atives, ap« 
phcation of, 264 
wood preservatives, 
brush coating of, 255 
wood preservatives, 
classes of, 247 
wood preservatives, fac* 
tors governing penetra- 
tion of, 264 

wood preservatives, mag- 
nesium silico fluoride as 
a, 248 

wood preservatives, 
organic solvents, as, 
240 

wood preservatives, path 
of penetration of, 264 
wood preservatives, pro- 
perties of, 246 
wood preservatives, 
sodium fluoride as a, 
248 

wood preservatives, 
spraying of, 266 


wood p i ee crva i i ves» tar- 
oil group of, 347 
wood p res e rv a tive^ 
Undoi^ of, 263 
wood preservatives, 
vola^, 260 
wood "preservatives, 
water-soluble salts as, 
248 

wood preservatives, aino 
chloride as a, 248 
^ wcfod-iotting fungi, 209 
wood-rotting fungi, con- 
ditions favouring at- 
tack, 210 

wood-rotting fungi, 
methods of control, 215 
wood, spring, 16 
wood, summer, 16 
wood, tension, 56 
work done to maximum 
load, 117 

work m bemling, 123 
work, total,* in bending, 
117 

“ working ” of wood, 91 
** worm in timl^l 
222 
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